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Preface
The current volume focuses on public health in developing societies with particular 
emphasis on the challenges of public health delivery. Public health, as the name 
suggests, is about the public sector ownership of health delivery and general access 
to health mediated by public institutions, agencies and concerted community 
action. In the developing world, public health seeks to close the gap between 
health needs of the populace and affordability/availability of clinical health. In 
other words, apart from its traditional concerns, public health with emphasis on 
generalised afflictions, epidemics, diseases and infections also seeks to make health 
services accessible to communities and societies. Incidentally, the crucial issue of 
equitable access to health services is a much more acute problem in the developing 
world and public health services are often seen as the last resort of common 
everyday people who otherwise might find it impossible to access health services. 
The above situation entails a public health system that is severely overburdened and 
mostly under-resourced.
Nevertheless, developing nations have demonstrated increasing strengths in 
their health systems, as illustrated by morbidity and mortality trends in Novel 
Coronavirus disease 2019 (COVID-19). To date, only about 22% of all COVID-19 
deaths are from developing countries, yet these countries collectively account for 
86% of the global population. Since the turn of the century, and as exemplified by 
achievements related to the Millennium Development Goals, developing countries 
have made significant progress in addressing social determinants of health and 
improving case management standards by taking deliberate, evidence-based and 
decisive steps.
While the focus on public health in the developing world here would seem intui-
tively topical and necessary, there is the need to equally appreciate that the health 
status of these societies ultimately relates to and affects general development. Thus, 
health and access to health services remain critical indicators of development and 
social improvement. As a result, the discourse of public health in these societies is 
also ultimately the discourse of development.
This book, even though it has a titular focus on the developing world, draws its case 
studies mainly from Sub-Saharan Africa and India. India, interestingly, straddles 
both the developed and developing world. However, with the second largest 
population in the world, it presents so much contrast between socio-economic and 
social groups that equally underlines another contrast in access to health: limited 
resources and burgeoning needs for public health delivery.
Without doubt, the developing world generally faces a perplexing mixture of 
inadequate health delivery and predilection towards diseases and infections 
resulting largely from nutritional challenges, economic status, unequal access 
to healthcare and epileptic institutional responses to health issues. In the above 
situation, these nations present formidable health delivery challenges that 
automatically call attention to the need for a robust and dynamic public health 
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situation, these nations present formidable health delivery challenges that 
automatically call attention to the need for a robust and dynamic public health 
system. Evidently, diseases and afflictions ranging from SARS, coronaviruses, 
IV
HIV to the recurrent Ebola all make the imperative of good and effective public 
health systems unquestionable in these areas. While not necessarily re-echoing 
the nexus between health and development here, there is no argument that 
the improvement of health delivery in these nations would have salubrious impacts 
on development, economic improvements and longevity.
Therefore, in addition to the economics and politics of development in these 
nations, there is even more urgent need to continuously improve and reposition 
the public health systems of these nations not only to tackle old and familiar 
health foes but equally be equipped to proactively deal with new threats and the 
ever-increasing needs of a rapidly growing population. The above provides general 
context for the subjects dealt with in the various chapters of this book. While a 
broad conceptualization of the focus and issues under public health was favoured 
in this volume, there has also been attempts in some of the chapters to provide 
unique insights and lessons learnt in specific case studies from different parts of the 
developing world. Even though these chapters are not mutually reinforcing, they 
tackle different and critical aspects of public health ranging from health promotion, 
leprosy, and violence against women to indigenous health systems and breast cancer 
management.
Hence, the chapters in this volume present both theoretical insights and evidence-
based knowledge that is useful to medical/public health practitioners, students, 
academics and general readers. The subjects treated are as diverse as they are 
informative and insightful. In addition, the case studies are derived mainly from 
West Africa (Ghana, Nigeria) and India. For ease of comprehension and flow, 
chapters are organized into two main parts including sixteen chapters as follows:
Part 1: “General and Crosscutting Issues in Public Health”
Chapter 1: “Introductory Chapter: Public Health Afflictions and Challenges 
in the Developing World”
Chapter 2: “The Global Burden and Perspectives on Non-Communicable 
Diseases (NCDs) and the Prevention, Data Availability and Systems 
Approach of NCDs in Low-resource Countries”
Chapter 3: “Non-Communicable Diseases and Urbanization in African 
Cities: A Narrative Review”
Chapter 4: “Health Promotion and Its Challenges to Public Health Delivery 
System in Africa”
Chapter 5: “Understanding the Science of Indigenous Health System: Key to 
Sustainable Collaborations”
Chapter 6: “Public Health Effects of Wood Fuel in Africa: Bioenergy from 
Tree Commodities as a Sustainable Remedy”
Chapter 7: “Cultural Practices and Health Consequences: Health or Habits, 
the Choice Is Ours”
Chapter 8: “Mitigating the Hazard of Lightning Injury and Death 
across Africa”
V
Chapter 9: “Leprosy: Prevention and Control
Chapter 10: “Laser Applications in Periodontology”
Chapter 11: “Development of a Rough Terrain Wheelchair Design”
Part 2: “Case Studies and Country-Specific Issues in Public Health”
Chapter 12: “Temporal Trend and Inequality in Immunization Coverage 
in India”
Chapter 13: “Social and Institutional Support in Breast Cancer Management 
among Elderly Women in Nigeria”
Chapter 14: “The Health and Economic Costs of Violence against Women 
and Girls on Survivors, Their Families, and Communities in Ghana”
Chapter 15: “Obesity in School Children in India”
Chapter 16: “Innovations in Vector-Borne Disease Control in India”
Public health is the art and science of optimising the health of people and their 
communities, mainly through promoting healthy lifestyles, researching disease 
and injury prevention, and detecting, preventing and responding to infectious 
diseases. Many developing countries are increasingly realigning health care, 
programs and services with the public interest, with significant benefits in 
terms of poverty reduction, infectious disease control, and improvements in 
maternal and child health, to mention but a few. There have also been noteworthy 
challenges along the way, particularly with regards to health system financing. 
This compendium showcases examples of progress and encumbrances of public 
health operations in developing nations.
Edlyne E. Anugwom, PhD
Professor of Sociology and Development,
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Chapter 1
Introductory Chapter: Public 
Health Afflictions and Challenges 
in the Developing World
Edlyne Eze Anugwom
1. Conceptualizing public health
The most interesting definition of public health is probably that provided by 
Sir Donald Acheson and colleagues who in the influential report published in 1998 
apprehended it as “the science and art of preventing disease, prolonging life and 
promoting, protecting and improving health through the organized efforts of 
society” [1]. Generally, and as the name implies, public health is concerned with 
the health of a given population or group which is pursued as part and parcel of the 
agenda of governments and public institutions to improve the lives of the people 
under their domains. In other words, it is health conceived as a critical element of 
regulations, policies, and support framework of the government or its agencies. 
Public health is as well a common domain between individuals, communities, 
groups, and government and/or its institutions and agencies. Even where there 
are formal and institutional provision of facilities and services, accessing these 
services and responding to guidelines and procedures of health are usually at the 
level of individuals and communities. The above is especially obvious in the area 
of infectious or contagious diseases where prevention and curtailment are deemed 
necessary. In other words, a good public health system depends as much on formal 
provision of facilities and services as it depends on a responsive public.
Therefore, health promotion is a key element and goal of public health. In doing 
this, public health strives to encourage healthy lifestyles and the prevention of 
diseases and epidemics through health education and intervention actions. There 
is no gainsaying the fact that public health interventions that are carefully tailored 
and conscientiously implemented would lead to reduced mortality in the general 
population and improved quality of life and life expectancy. These would in turn 
impact positively on socioeconomic development.
By definition, public health lays emphasis on social and environmental contexts 
of diseases and health problems. It, from this pedestal aspires to improve health 
through large-scale societal initiatives like vaccinations, fluoridation of drink-
ing water, easy and affordable access to health facilities, and even such behavior 
modifying acts like prohibition of smoking and demonizing cigarettes as a way of 
curbing the spread of tobacco-related diseases in the population. In other words, 
public health while including the treatment of individuals or communities goes 
beyond this to focus on health promotion, disease prevention, recovery, rehabilita-
tion, and broad health support for the community or society.
From the perspective of the present volume, the conceptualization of public 
health as both art and science is very instructive. In this sense, it provides a unique 
opportunity for a fusion or coming together of science and arts. Therefore, public 
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health is neither all about biomedicine nor about the policies and programs on 
health from public institutions, communities, and government. It is in reality, 
comprehensive and demands concerted action from different actors. It is thus how 
disease is prevented, life prolonged, and health promoted through public instru-
ments and policies systematically driven and coordinated or organized to achieve 
the goals of good health.
In view of the above, it has been posited that “the mission of public health is 
therefore to achieve an equitable distribution of health for the total population” 
([2] p. 5). Equally of interest is that public health is a multidisciplinary domain and 
thus involves different professionals and practitioners working in concert. However, 
a critical skill set is knowledge of the principles of epidemiology which gives one 
the insights into disease patterns, risk factors, and outcome of treatments and even 
prevention initiatives. Also, a good social knowledge and environmental awareness 
are equally recommended. In more recent times, political savvy has equally come 
in handy in dealing with policy makers and governments that provide much of the 
funding for public health.
2. Major concerns and approaches
Public health as compared to clinical health approach focuses on the health of the 
population, i.e., group, community, and society, unlike clinical health that is concerned 
with the health of the individual alone. In other words, while the clinical  
health provider assists or helps an individual with her own healthcare issues, the 
public health approach is more broad-based and encompassing beyond the individual. 
Therefore, while the clinical health approach may focus on why a given individual con-
fronts a particular health issue, public health would take a look at the given social group 
(neighborhood, community, society) to identify prevalence of a given health issue, risk 
factors associated with it, accessibility of healthcare for the issue by the members of the 
society, measures at prevention, and curtailment among the given group. As a result, 
“public health seeks to improve the health of the whole community with emphasis on 
protection, prevention of diseases, and promotion of well-being” ([2] p. 5).
The major areas or concerns of public health include hygiene and sanitation; 
epidemiology; environmental factors; disease prevention; and policies/regulations that 
address these concerns. Public health focuses on the prevention of diseases or ailments 
through health education; focused policies; and research and programmed intervention 
services. Also, public health in principle seeks to address inequity in health; accessibility 
of health services especially to the marginal or less privileged members of the society; 
and ensuring quality health provisioning both in public and private health facilities.
In terms of approach, public health takes the community or society as a whole 
as its focus rather than the individual. It therefore aims at improving the health of 
communities and societies through concerted efforts. Some of the prominent func-
tions of public health include surveillance, analysis, and evaluation of the health 
status of the population; health promotion; development of policies and plans that 
engender health; disease prevention activities and campaigns; development of 
effective programs and facilities for health protection; evaluation and monitoring 
of public health policies; and strategies and facilities, among others.
Public health emphasizes a collective approach to health in the population. It 
usually privileges preventive efforts and health education of the general public 
aimed at both improving health and reducing risks to health ailments. This col-
lective approach which nowadays entails systematic and public policy response to 
health issues is different from the provision of medical treatment to an individual or 
on the basis of one patient per time.
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3. The developing world and public health challenges
The conceptualization of public health is generally very close to the compre-
hensive view that health goes beyond the mere absence of illness or disease. Thus, 
public health also mirrors a broad definition of health especially along the lines 
of the emblematic position of the World Health Organization that in 1946/1948 
conceptualized health simply as “state of complete physical, mental and social well-
being and not merely the absence of disease” ([3] p. 100). However, the reality of 
the structural challenges of the developing world has created a unique public health 
orientation that focuses essentially on the absence of diseases. Apart from a history 
of proliferating diseases and health challenges, the paucity of technical competence, 
funds, and good leadership have all made public health systems in these parts of the 
world overburdened and often inadequate to the needs of the people.
While public health concerns in the developing world are very encompassing 
and often include long list of health ailments and impediments, the core public 
health problems include such diseases and ailments with high mortality as malaria, 
infections, diarrhea, respiratory tract infections, HIV/AIDS, anemia and malnutri-
tion, intestinal worms, and lately Ebola. These diseases are usually more prevalent 
among poor and marginal members of the population. In an ironic sense, those who 
are far away from necessary health support or lack the resources to access health 
services are much more affected and afflicted. The above is a core justification for 
the enthronement of responsive and expansive public health services and public 
health provisioning to tackle these diseases.
In a succinct take on the health system in sub-Saharan Africa, which is typical 
of the developing world, sometime in the past (a scenario that has hardly changed), 
it was postulated, “in spite of prolonged efforts in reforms, meetings, declarations, 
policy rhetoric as well as the massive input of financial and technical resources, the 
continent records some of the highest rates of infant deaths and maternal mortality 
in the world. Also, Africa represents about 10 percent of the global population but 
accounts for 63 percent of individuals living with HIV/AIDS and 90 percent of 
malaria infections worldwide” ([4] p. 7). The foregoing calls attention not only to 
the imperative of a robust public health sector in Africa, but the unending spate of 
health deficiencies challenge innovation and proactive response in different African 
countries where lessons have neither been learnt from the past nor experiences 
harnessed for improved health delivery.
Health delivery from the perspective and experience of the developing world 
goes beyond the orthodox and Western-defined purviews of medicine and science. 
In other words, indigenous knowledge as philosophy and ethos of practice affect 
healthcare decisions and choices in these areas.
The call for the exploitation of meaningful ways of integrating traditional 
medicine into the health system benefits from the undeniable easy availability and 
accessibility of traditional healers in most parts of the world especially Africa and 
India. In fact, Chatora [5] contends that the availability of traditional or unorthodox 
(non-Western) medical practitioners generally far outstrip that of conventional 
medical doctors in most parts of the African continent. Incidentally, these tradi-
tional healers are accessible both in terms of geographical proximity and finance. 
They also often initiate a one-on-one interaction with their patients in the process 
of healing that can hardly obtain within the formal health system.
Another fundamental issue in public health in most of the developing world 
revolves around the role of the private and informal sectors in public health pro-
visioning. Organizations in these sectors especially the faith-based organizations 
(FBOs), i.e., churches, religious organizations, religious NGOs, etc., have featured 
prominently in the health decisions and choices of people overtime. In fact, FBOs, 
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for instance, are seen as critical role players in health delivery and choice people make 
with regard to health [6–8]. While these private and informal sectors and their roles 
have been well-studied and even targeted in the guise of public private partnership in 
health, there is still an overwhelming number of things that happen in these sectors 
that are neither formally recognized nor regulated. In other words, there is need for 
not only the formal recognition of these sectors but crucially how synergies can be 
built to harness what is good in these sectors and expunge what is bad or counter-
productive. A big selling point of these alternative health sectors is perhaps their 
affordability and easy access to a great majority of the people. Therefore, we need to 
begin conceptualizing public health systems that build also on the good aspects of 
the private and informal sectors and which also seek to recreate their general appeal 
within the context of formal health provisioning in the continent.
The three biggest infectious diseases in Africa from both prevalence and resources 
committed are HIV/AIDS, tuberculosis, and malaria. These are the three giants of 
public health interventions and efforts in the continent. However, there have been new 
challenges especially in the form of new and periodic diseases like Ebola which has 
emerged in the last decade as a major public health concern in some African countries. 
As has been aptly summarized, “nowhere are global public health challenges more 
acute than in Sub-Saharan Africa. With just 13 percent of the world population, the 
region carries 24 percent of the global burden of disease” ([9] p. 1). Even though, glob-
ally and continentally, good strides have been made in curtailing the ravages of HIV, 
there is still a huge disease burden arising from it especially in Africa. Thus, “antiret-
roviral treatment is being provided to many of those in need in Africa, in numbers 
greater than was thought possible at the beginning of the decade. Nonetheless, for most 
Africans living with HIV, such treatment remains out of reach” ([9] p. 4).
The above indicates that in spite of the recent improvements made in curtailing 
both the spread of HIV/AIDS and the mortality from it, there is still much work to 
be done in the public health system especially in sustaining the progress made and in 
scaling up general response. Incidentally, apart from donor/international support, 
there is a need for committed leadership, good governance, and policies backed by 
reasonable internal funding in African countries especially those heavily affected in 
terms of the disease burden. The situation is a little better in India, but acute popula-
tion growth and dearth of potable water have meant that India confronts a fragile 
public health situation. Therefore, the need for concerted efforts as well as dynamic 
and proactive measures against diseases and afflictions cannot be overemphasized.
Without doubt, the most current global public health scourge in the form of 
the corona virus which caught the whole world by surprise underlines the need for 
robust public health systems. The fact that such developed nations of the world as 
the USA, the UK, France, Italy, Spain, Germany, etc. could be caught napping and 
severely devastated as a result by the new virus with origins in Wuhan, China, calls 
attention to the inescapable fact that public health delivery and the institutions 
involved in it are by nature dynamic and confront ever-changing and mutative 
human environments. That health systems in the developed nations of the world 
that are well-developed and heavily-resourced could be severely eroded by the 
corona virus simply underlines the huge challenges of public health in the develop-
ing parts of the world, where both structural and environmental forces function as 
ready impediments to effective health delivery.
There is therefore a need to interrogate prevailing health systems and health 
delivery in these parts of the world in relation to what appears to be a cyclic inca-
pacity of public health. Perhaps, the contention of Kaseje that “the health system 
is neither robust nor flexible enough to respond to emerging scenarios that lead 
to reversal of gains. Traditional, faith, and other informal sources of care are used 
more because they are more available, accessible, affordable, and acceptable yet 
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they are ignored and therefore unregulated and unsupported” ([4] p. 7) is really 
instructive. We need to confront the various problems or challenges bedeviling 
the system and reposition the system for improved quality of life and overall 
development.
In effect, the chapters in this volume deal with various and complementary 
issues in public health from the perspective of the developing world. While these 
chapters have discussed some of the most pressing and prominent issues in public 
health in the developing world, there is no doubt that some pertinent issues have 
gone untreated in it. Therefore, while the volume has sought to be comprehensive, it 
cannot claim to have treated all there is to know about public health in the develop-
ing world. However, the volume draws strength and relevance from the deep theo-
retical insights of some of the chapters and more crucially from the penetrating case 
studies from different parts of the developing world that some of the other chapters 
provide.
© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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The burden of non-communicable diseases (NCDs) is growing swiftly in 
low-resourced countries resulting in deleterious health resembling the NCDs 
burden in high-resourced countries. Despite the availability of information on the 
escalating adverse economic and health effects of NCDs globally, specific strate-
gies designed to address the growing burden of NCDs in low-resourced countries 
remain substandard. Research engines like EBSCOhost, Science Citation Index, 
CINAHL database, PsycINFO, Cochrane Database of Systematic Reviews, pub-
lished and unpublished abstracts and a hand search of reference lists and table of 
contents of relevant journals and books were searched from January 2011 to June 
2019. In total, 84 studies met the inclusion criteria. Most studies confirm that low-
resourced countries compared with high-resourced countries battle to implement 
NCDs prevention strategies; fail to record data on the risk factors of NCDs; medi-
cal records and surveillance data are unavailable. Due to a lack of knowledge and 
skill, low-resourced countries show no urgency to implement a systems approach 
for NCDs management. The findings confirm disparities between high-resourced 
and low-resourced countries regarding NCDs prevention, availability of quality 
data, and strategies to prevent and manage NCDs through a systems approach 
that can assist healthcare institutions in reducing the damaging effect of NCDs 
globally.
Keywords: changing environment, health information, low resourced countries, 
modernisation, NCDs data, system approach
1. Introduction
As with many high-resourced countries, low-resourced countries have not been 
spared the global challenges caused by non-communicable diseases (NCDs), such 
as cardiovascular diseases, coronary heart disease, hypertension, diabetes mellitus, 
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1. Introduction
As with many high-resourced countries, low-resourced countries have not been 
spared the global challenges caused by non-communicable diseases (NCDs), such 
as cardiovascular diseases, coronary heart disease, hypertension, diabetes mellitus, 
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and obesity [1, 2]. For countries with minimal health budgets, every effort needs to 
be made to reduce patients’ reliance on costly medical solutions to health problems, 
including NCDs, for which drugs are often the first line of treatment to reduce 
the associated morbidity and premature mortality [3]. Prevention efforts within 
the healthcare system need to take a broader public health approach to motivate 
people to address their unhealthy lifestyles that result in the development of NCDs. 
To achieve this, however, Ministries of Health in low-resourced countries needs 
factual, timely, and reliable NCDs data that can build a comprehensive information 
system to provide evidence-based decision-making and to develop appropriate 
prevention strategies for the specific population affected by NCDs [4, 5].
All healthcare organisations, including governmental and non-governmental 
institutions, have their strategies to prevent and control diseases and to maintain 
the health of their community effectively and efficiently. Likewise, healthcare 
organisations have a strategy for disease prevention and control to maintain the 
health of the community. Most healthcare systems rely on accurate, timely, correct, 
and factual data to make political and administrative decisions [4–6]. Moreover, 
healthcare systems should have a balanced approach in preventing both infectious 
communicable disease and NCDs, which require factual data at the mega, macro, 
meso, and micro level of healthcare.
This chapter aims to create a better understanding of the growing global burden 
and perspectives on NCDs. It also aims to reflect on the prevention of NCDs, the 
global status and availability of NCDs data, and effective strategies to prevent the 
growing burden of NCDs in low-resourced countries.
1.1 The global burden of non-communicable disease
Non-communicable diseases (NCDs) are the leading public health chal-
lenges globally in the twenty-first century, resulting in ill health, economic loss, 
life loss, diminished quality of life, and poor social development equally in both 
high-resourced and low-resourced countries [7, 8]. According to the World Health 
Organisation Global Status Report (GSR) on non-communicable disease, from 38 
million deaths due to NCDs each year, more than 40% were premature and were 
preventable [9]. Based on the projection of the WHO, by 2025 NCDs will account 
for over 70% of all deaths globally, with 85% of these occurring in developing coun-
tries [10]. Evidences show that if proper prevention approaches are not designed 
and applied, an estimated 41 million people in low-resourced countries will die 
from NCDs by 2025, mainly due to cardiovascular diseases (CVDs) (48%), cancers 
(21%), chronic respiratory diseases (12%), and diabetes (3%) [11].
Globally, more than 9 million deaths occurred due to NCDs in people under 
the age of 60, with most being preventable. Untimely losses from NCDs range 
from 22% amongst men and 35% amongst women in low-resourced countries 
to 8% amongst men and 10% amongst women in high-resourced countries [10]. 
According to current research, more than 80% of heart diseases, stroke, hyperten-
sion and type 2 diabetes, and over a third of cancers can be prevented by eradicating 
the common risk factors, mainly tobacco use, unhealthy diets, physical inactivity, 
and the harmful use of alcohol [12]. The effective prevention and management 
of common NCDs risk factors require the establishment of a strategic framework 
which can tackle health problems associated with the growing burden of morbidity 
and mortality of these diseases [13]. According to evidence by the WHO, globally, 
NCDs deaths will increase by 17% over the next 10 years, with the most consider-
able increase being in low-resourced countries such as Africa (27%) and the Eastern 
Mediterranean region (25%) [7, 8]. Current research indicates that cancer, diabetes, 
high blood pressure, cardiovascular diseases, and kidney diseases are no longer the 
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illness of high-resourced countries, but also, non-communicable disease hampers 
the people and the economies of the deprived populations even more than commu-
nicable diseases, representing a public health emergency in slow motion [14, 15].
As illustrated in Figure 1, common NCDs account for most of the avoidable 
morbidity and preventable mortality, these being cardiovascular disease, coro-
nary heart disease, high blood pressure, diabetes, and obesity. The percentage of 
mortality associated with the major NCDs across three regions of the world, such 
as high-resourced countries, low-resourced countries, and Africa varies. In high-
income countries, the percentage of mortality related with NCDs such as cardio-
vascular disease, coronary heart disease, high blood pressure, diabetes, and obesity 
decreases, whilst in low-resourced countries and Africa, it continues to raise. For 
instance, the percentage of mortality due to cardiovascular disease is 38% in high-
resourced countries [16] and 42% in low-resourced countries, from which 20% is 
the share of Africa [17–19].
In low-resourced countries, the largest percentage of mortality (70%) is due to 
coronary heart disease with Africa’s share 10% [19]. In high-resourced countries, 
coronary heart disease accounts for 20% of mortality. The share of high blood 
pressure is 46% in Africa, exceeding the total percentage of deaths in low-resourced 
countries (40%) [20]. In high-resourced countries, high blood pressure accounts for 
a relatively lower 35% of mortality [21].
The percentage of mortality as a result of diabetes is 8, 12, and 14% in high-
resourced, low-resourced countries, and Africa, respectively [22, 23]. The percent-
age of deaths due to obesity is 29.5% in high-resourced countries and 37.5% in 
low-resourced countries with the share of Africa 33% [24–27].
1.2 The global perspective on NCDs
In 2011, the United Nations High-Level Meeting presented and promised a 
unique opportunity for international communities to take action against the rising 
Figure 1. 
Percentage of mortality associated with NCDs in Africa, high-resourced and low-resourced countries.
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epidemic of NCDs. The WHO asserts that the world has reached a decisive point in 
the history of NCDs and has an unprecedented opportunity to alter its course. In 
an attempt to alter the damaging progression of NCDs, the WHO Member States 
agreed on a time-bound set on the following nine voluntary global targets to be 
attained by 2025 [9, 28]:
1. A 25% relative reduction in the overall mortality from cardiovascular diseases, 
cancer, diabetes, or chronic respiratory diseases.
2. At least 10% relative reduction in the harmful use of alcohol, as appropriate, 
within the national context.
3. A 10% relative decrease in pervasiveness of deficient physical action.
4. A 30% relative decrease in mean populace admission of salt/sodium.
5. A 30% relative decrease in the pervasiveness of current tobacco use in people 
matured 15+ years.
6. A 25% relative decrease in the pervasiveness of raised circulatory strain, or 
regulation of predominance of raised pulse, as indicated by national condi-
tions.
7. Stop the rise in diabetes and fat.
8. At least 50% of eligible people receive drug therapy and counselling (including 
glycaemic control) to prevent heart attacks and strokes.
9. An 80% accessibility of the moderate fundamental innovations and essential 
drugs, including generics, required to treat major NCDs in both open and 
private offices.
Furthermore, the world health assembly set a target of a 25% reduction in overall 
mortality from four major NCDs, including cancer, diabetes, cardiovascular-, and 
chronic respiratory disease by 2025 [28]. The 25 × 25 strategy is today included in the 
World Health Organisations Global Action Plan 2013–2020. Amongst the nine vol-
untary national strategies, two are intended to reduce deaths due to the four illnesses 
mentioned earlier and to stop the increase in obesity and diabetes. The remaining 
national strategies focus specifically on incorporating decreased alcohol intake, 
promoting physical exercise, reducing nutritional salt and smoking, enhancing hyper-
tension control, and improving the treatment of those at risk from the main NCDs. 
Countries need to make progress on all these targets to attain the overarching target of 
a 25% reduction of premature mortality from the four major NCDs by 2025 [29–32].
The action plan advocates a comprehensive vision, recognising the social, eco-
nomic, and political determinants of diseases and the wide-ranging developmental 
healthcare scheme [29]. Conversely, it is uncertain, in low-resourced countries 
at a much lower economic level, how these declarations of commitment will be 
interpreted and implemented [33–35]. The prioritising of infectious communicable 
disease, a frail healthcare system, and poorly designed NCDs prevention policies 
prevent low-resourced countries not to implement these declarations of commit-
ment [1, 4].
Moreover, to improve the prevention and control of NCDs, the United Nations 
High-Level Meeting presented four additional time-bound commitments in 2014 
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which incorporates: “1) by 2015, consider setting national NCD targets for 2025, 2) by 
2015, consider developing national multisector policies and plans to achieve the national 
targets by 2025; 3) by 2016, reduce risk factors for NCDs, building on guidance set out 
in the WHO Global NCD Action Plan, and 4) by 2016, strengthen health systems to 
address NCDs through people-centred primary health care and universal health cover-
age, building on guidance set out in WHO Global NCD Action Plan” [28]. Despite the 
formulation of these four additional time-bound commitments by United Nations 
High-Level meeting, progress made by the majority of low-resourced countries is 
plodding and incomparable with that of high-resourced countries [1, 36].
The WHO argues that the global epidemic of NCDs can be reversed through 
modest investments in interventions that are so low in cost that countries’ income 
levels need not be a significant barrier to successfully implement the nine voluntary 
global targets and the 25 × 25 strategy. However, what is needed, more importantly, 
is high levels of commitment, proper planning, community mobilisation, and an 
intensive focus on a small range of critical actions. The above will ensure quick 
gains to reduce the significant behavioural risk factors, namely tobacco use, harm-
ful use of alcohol, an unhealthy diet, and physical inactivity, as well as biological 
risk factors, such as blood glucose [29, 37].
If the current trends continue, the probability of dying prematurely from the 
four main NCDs is projected to increase in Sub-Saharan Africa but will show a 
relative decrease in areas such as Europe, the western Pacific, Americas, eastern 
Mediterranean, and Southeast Asia [37]. It is believed that if the risk factor tar-
gets set by the WHO are achieved, the 25 × 25 target will be surpassed in Europe 
amongst both men and women. In the western Pacific, the target will be achieved in 
women and almost achieved in men, whist the Americas, Eastern Mediterranean, 
and Southeast Asia will approach the target with the rising trend in Africa be 
reversed. In most regions, a more striving 50% tobacco reduction instead of the 
agreed 30% by 2016 will contribute the most to reducing premature NCD mortality 
amongst men, followed by addressing raised blood pressure [29, 38]. For women, 
the highest contributing risk factor towards the premature NCD mortality target 
will be raised blood pressure in every region except Europe and the Americas, 
where the ambitious but not approved tobacco reduction would have the most 
substantial benefit [33, 35].
2. Factors influencing the quality of NCDs prevention
Different factors predict healthcare systems’ capacity to prevent NCDs and its 
related risk factors. These predictors are determinants of NCDs prevention includ-
ing the level of physical exercise, dietary choice, organised infrastructure, urban-
isation and related policy, cultural norms, and accessibility of health information.
2.1 Level of physical exercise
Worldwide industrial expansion and an increased service sector have resulted 
in less work-related physical exercise, whilst at the same time, modern technology 
has also made it increasingly convenient to remain sedentary. Many people lead a 
life with little or no physical exercise, and their leisure time is often spent on sed-
entary activities such as live online chats, playing computer games, and watching 
television, with 60% of the world’s population being estimated to lead a sedentary 
life [39, 40].
Research indicates that low-resourced countries are experiencing rapid 
nutritional transitions, lifestyle changes, and epidemiological transition 
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following modernisation, westernisation, and increased reliance on technol-
ogy. As a result, more time is available to pursue leisure activities, which leads 
to lifestyle diseases such as cardiovascular disease, diabetics, hypertension, 
overweight, and obesity [40, 41].
Naturally, the human body is designed for movement; however, planned 
strenuous physical exercise is not a part of the normal lifestyle. Furthermore, an 
individual cannot expect his/her body to function optimally and to remain healthy 
for extended periods if it is abused or is not used as intended [40]. In Figure 2, the 
diseases associated with a lack of physical exercise that contributes to a rise in NCDs 
are illustrated.
Research shows that physical inactivity is the most critical public health prob-
lem in the twenty-first century. For many years, scientists and health and fitness 
professionals have advocated regular physical exercise as the best defence against 
the development of many diseases, disorders, and illnesses [40]. Due to the recog-
nised health benefits, it has, and the importance of maintaining a good quality of 
life, regular physical exercise received recognition in the first U.S. surgeon general’s 
report on physical exercise and health. In this report, physical exercise was identi-
fied as a national health objective and recognised physical inactivity as a nationwide 
severe health problem; it provided clear-cut scientific evidence linking physical 
activity to numerous health benefits and presented demographic data describing 
physical exercise patterns and trends in the U.S. population. It also made physical 
exercise recommendations for improved health [42, 43].
2.2 Dietary choice
Consumption of high levels of trans fats, saturated fats, processed and refined foods, 
sugar, salt, and sugary drinks is associated with an increased risk of CVD and diabetes, 
whilst adequate consumption of fruit and vegetables is associated with a reduced risk 
of coronary heart disease and stroke. Unhealthy diets tend to follow a socio-economic 
gradient. Higher quality diets are associated with persons of greater affluence, whilst 
energy-dense nutrient-poor diets are associated with persons of more limited economic 
Figure 2. 
NCDs associated with lack of physical exercise.
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means [44, 45]. Education and gender also impact diet, with unhealthy eating habits 
associated with lower levels of education. Moreover, low fruit intake represented a 50% 
greater share of the disease burden amongst men than women [46, 47].
In low-resourced countries, the wrong perceptions about body image contrib-
ute to consume unhealthy dietary sources such as high level of trans fats, saturated 
fats, raw beef, goat meats, and fast foods [47]. In some Asian and the majority of 
African countries, having a big, fat stomach is considered as being charismatic, 
powerful, healthy, and perceived as a sign of wealthy [1, 48]. Following this 
perception, a more significant number (52%) of the public consumes high-fatty 
food substances which spontaneously results in acquiring NCDs [1, 49, 50]. 
Figures 3a–c depicts examples of red meats, such as raw beef meat called “Kurt 
Siga”, red raw ground beef with spices and yoghurt called “Kitfo”, and partially 
roasted meat respectively of which high levels of consumption and frequent con-
sumption increased risk of NCDs due to high fat levels [1, 50]. This dietary practice 
is very customary amongst the diverse Ethiopian communities. Such unhealthy 
dietary practices are practised mainly amongst wealthy community groups and 
Figure 3. 
(a) Raw fatty beef meat. (b) Raw grinded beef meat with spices and yoghurt. (c) Partially roasted beef meat 
for consumption.
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high government officials [50]. Practising these dietary choices frequently result 
in overweight, obesity, high blood pressure, kidney disease, and premature ageing 
[51, 52]. Additionally, food cooking oil known as “Hayat” and “Palm oil” which is 
in use amongst the majority of the Ethiopian is full of high cholesterol, and this 
can easily harm the health of the users [1].
Another unhealthy dietary practice frequently practised amongst low-resourced 
populations, particularly in East Africa such as Ethiopia, Eritrean, Djibouti, Somalia, 
Kenya, Tanzania, and Sudan and Arab countries such as Saudi Arabia, United Arab 
Emirates, Yemen, Bahrain, Kuwait, and Oman, is “Khat chewing”. Khat is a leafy 
plant with natural amphetamine content and chewed by 20 million people each day 
in Arabian peninsula and East African region mainly in Ethiopia (Figure 4) [53]. 
Khat chewing has incredible stimulation effects on chewers nervous system and pre-
dominantly addictive. The practice of Khat chewing is frequent amongst university 
students, shop keepers, drivers, and majority of the Muslim community, teachers, 
and some government officials [54]. Evidence shows that Khat chewing is associated 
with escalated degrees of cardiovascular complications, stroke, myocardial infec-
tions, cardiomyopathy, gastritis, poor oral hygiene, neurosis, poor academic perfor-
mance, periodontal disease, and decreased quality of life [55, 56].
Khat dependence is associated with wasting of longer working hours and family 
time. Evidence in Yemen and Saudi Arabia shows that lousy mood, psychosomatic 
dependence, sleeplessness, and physical indicators were observed amongst Khat 
chewers, and they spend an aggregate of 6 hours a day and 5.7 days a week for Khat 
use [57, 58]. Similarly, Khat chewing is associated with diminished antioxidants of 
saliva Khat chewers [59]. Moreover, Khat chewing is associated with the develop-
ment of type 2 diabetes. Evidence in Saudi Arabia indicates that Khat chewing 
increases the likelihoods of developing type 2 diabetic disease four times than non-
chewers [60]. Evidence in East African countries such as Ethiopia, Kenya, Eretria, 
Somalia, Sudan, Rwanda, and Uganda indicates that Khat chewing is associated 
with the development of high blood pressure, type 2 diabetes, heart failure, mental 
health problems, group segregation, family cessation, and abandonment of public 
accountabilities [61, 62].
2.3 Organised infrastructure
Within the healthcare framework, the availability of interrelated material 
and infrastructure are other determinants of healthcare. For NCDs, neighbour-
hood environments broadly define the conditions in which people live and have a 
Figure 4. 
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significant influence on the risk of NCDs [40, 63]. A randomised control study in 
which mothers and families were given the opportunity to move from a neighbour-
hood with a high level of poverty to one with a lower level found that moving to 
a better-off neighbourhood was associated with a reduction in NCDs. Multiple 
mechanisms have been proposed whereby the neighbourhood environment affects 
the risk of NCDs, including interrelated material mechanisms [64]. These mate-
rial mechanisms include the nature of the built environment, such as proximity 
to food outlets selling processed foods, as well as psychosocial mechanisms, such 
as conforming to social norms of behaviour. Also, children living in unfavourable 
social conditions, unsafe surroundings, poor housing, and no access to sidewalks, 
parks, and recreation centres were 20–60% more likely to be overweight or obese 
compared with children not facing such conditions [2, 39, 64].
2.4 Urbanisation and urban development policy
Urbanisation is associated with an increased prevalence of NCD risk behaviours, 
which are increasing at a rapid rate. More than half of the global population lived 
in cities in 2010, a proportion expected to reach 60% in 2030 and 70% in 2050. In 
countries where rural-to-urban migration is commonplace, urban life may be less 
conducive to physical exercise than life in rural areas. As countries develop, the 
sprawling nature of urban expansion and increased disposable income encourages 
mechanised transport and discourages walking and cycling. The nature of work 
available in urban areas may require less energy expenditure than subsistence farm-
ing in rural areas [63, 64].
A study of physical activity concerning hypertension, obesity, and diabetes 
found that it was lower amongst rural than urban dwellers. The prevalence of 
obesity, diabetes, and hypertension was higher amongst the urban population, and 
physical inactivity amongst urban groups was associated with a higher BMI, blood 
pressure, and fasting blood glucose levels. NCD prevention and control may require 
that cities adopt models of urbanisation that address the health impacts and inequi-
ties associated with city living [65–67].
2.5 Cultural norms
Evidence indicated that beliefs and norms amongst some social groups might 
include preferences for foods high in animal fat, which is socially acceptable or 
perceived as a sign of good health but result in overweight, obesity, hypertension, 
and health problems. Ethnographic studies found that amongst blacks in South 
Africa, Arabs in Niger, groups in rural Jamaica, Puerto Ricans in Philadelphia, and 
members of a Fijian village, a big body size and fatness reflect wealth and prosper-
ity, beauty, marriageability, attractiveness, fertility, and “closeness to God”, as is 
the case of Habesha in Ethiopia [1, 48, 68]. In contrast, much of the industrial 
West associate fatness with ugliness, undesirability, and lack of self-control, whilst 
associating slimness with health, beauty, intelligence, wealth, self-discipline, and 
“goodness”. There is some evidence that the Western slim-body ideal is becoming 
globalised, with thinness now being desired in many places where fatness was 
previously preferred. Moreover, the beliefs amongst those who idealise fatness may 
change when the associated health risks are explained [69].
2.6 Accessibility of health information
Health information is a tool that provides data to the healthcare system, which 
can be used to enhance, promote, improve, and create awareness about the health of 
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change when the associated health risks are explained [69].
2.6 Accessibility of health information
Health information is a tool that provides data to the healthcare system, which 
can be used to enhance, promote, improve, and create awareness about the health of 
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a community. It is evidenced that health information systems are an essential tool for 
collecting data about the health conditions and indicators of a country to help with 
decision-making. It is documented that reliable health data that is collected, analysed, 
and interpreted can assist policymakers, health organisations, the healthcare system, 
and healthcare providers in formulating appropriate disease preventive strategies. 
It has also been demonstrated that health data can be made available to the public 
through various health information channels, such as healthcare providers, counsel-
ling, teaching, and advice; mass media, such as radio television, internet, social 
media; and telecommunication, such as mobile short message service (SMS) [4, 70].
Despite the wide-ranging health benefits of health information, the attention 
given to addressing NCDs-related risk factors, morbidity, mortality, the health 
burden, and preventive mechanisms using the various sources of health informa-
tion is inadequate in low-resourced countries. Similarly, the attention devoted to the 
accessibility of health information coverage is deficient in the healthcare system of 
developing countries [4].
3. The global status and availability of NCDs data
The incidence of non-communicable diseases (NCDs) is increasing and resulted 
in the death of 38 million people in 2012, of which 28 million occurred in low- and 
middle-income countries, causing an estimated US$ 7 trillion economic loss [7, 9]. A 
significant number of NCDs, such as cardiovascular disease, diabetes, hypertension, 
and obesity, can be avoided by addressing the major behavioural and metabolic risk 
factors associated with such conditions. Their prevention and treatment require 
reliable, accurate, and timeous information on their symptoms and associated risk 
factors. The use of credible data has, therefore, become essential to identify current 
and potential NCDs morbidity, mortality, and related risk factors [4].
The availability of NCDs data at local, regional, and national levels is helpful 
for decision-makers to prioritise the prevention of NCDs and strengthen distri-
bution and budget allocation in the healthcare system. It is demonstrated that 
strengthening the health system is a possible way to resist the growing burden of 
NCDs and ensure enhanced health results. An effective health system is built on a 
well-functioning information system that collects accurate, reliable, timeous, and 
relevant health data for optimal healthcare delivery and decision-making. The lack 
of data in the healthcare system is a hindrance to planning, allocating resources, 
and implementing appropriate NCDs intervention strategies [4, 71]. The effective 
prevention of NCDs is based on having consistent morbidity, mortality, and related 
risk factors data to plan, design, and implement evidence-based decision-making 
and its preventive strategies at regional and national levels. NCDs surveillance data 
can be best collected by establishing and implementing data collection standardised 
protocols in the healthcare system. Such standardised protocols are data collection 
forms used to obtain morbidity, mortality, and risk factor-related data [4, 72]. A 
study by Melkamu and Grace [4] indicated that collecting NCDs data alone is not 
enough to ensure effective prevention and intervention; what is needed is a well-
organised healthcare system that periodically evaluates the data quality and is time-
ous and accurate on mortality, morbidity, and related NCDs risk factors to ensure 
effective decision-making. Whilst progress has been made to lead the development 
of national NCDs monitoring programmes, most low-resourced countries are still 
struggling to adequately establish robust information systems to help with their 
intervention, treatment, and related NCDs risk factors [4].
Health information systems store information that is obtained from patient 
records, surveys, health plans, and other data sources. Most first world and 
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high-resourced countries, such as North America, Australia and Europe, have estab-
lished standards and processes in their healthcare sector to obtain ongoing informa-
tion on morbidity, mortality, NCDs risk factors, as well as determinants of their care 
services [73]. Middle-income countries, such as South Africa, and low-resourced 
countries, such as Ghana, Mozambique, Rwanda, Tanzania, and Zambia, conducted 
studies to investigate the capacity of their national health information systems, 
which resulted in them developing robust disease surveillance systems to understand 
the disease profiles of their population. The availability of health information in the 
healthcare system enabled these countries to exchange health-related data between 
healthcare providers, organisations, and health service consuming communities.
According to Diamantidis and Becker [74], the availability of NCDs-related 
public health data in the healthcare system enables timeous and appropriate health-
care decisions to be made, quick information retrieval, fast information sharing, 
improved data storage, improved information screening and reporting, all of which 
enhances the quality of healthcare. Furthermore, having NCDs mortality, morbid-
ity, and risk factor data about a population can help policymakers and healthcare 
providers to establish relevant preventive strategies in their national healthcare 
system. In a healthcare system with accessible, accurate, reliable, timeous, and 
cleaned health information, it is possible to predict the future burden of NCDs 
in that country [4, 75]. Globally, various countries have established healthcare 
strategic plans in order to address the burden of NCDs by explicitly focusing on the 
four major lifestyle risk factors, these being an unhealthy diet, physical inactivity, 
tobacco use, and excessive alcohol consumption [76].
Low-resourced countries have made a concerted effort to improve the health status 
of its citizens, particularly regarding preventing and treating infectious communicable 
diseases, such as HIV/AIDS and tuberculosis [77]. However, little attention is devoted 
to preventing and treating NCDs in these countries, which resulted in an increased 
burden of such conditions on individuals, communities, and the healthcare system [4]. 
Despite the growing evidence of NCDs in this population, the operating healthcare 
system predominantly focuses on preventing and treating infectious communicable 
disease, with little evidence-based research that evaluates the availability of their mor-
bidity, mortality, and associated risk factors data [78]. In low-resourced countries, the 
healthcare system must aim to establish the status of NCDs-related data, the presence 
of mechanisms to periodically evaluate NCDs data quality, reliability and timeliness, 
and the availability of standardised protocols for NCDs-related data collection.
Healthcare that has accurate data that serves as information for decision-making 
is imperative within the hastened speed of information-oriented universal environ-
ment. In the changing world, the desire of the community to obtain up-to-date 
health-related information has become crucial in both high-resourced and low-
resourced countries. The accessibility of appropriate health-related information 
is associated with the availability of factual, accurate, timeous, and reliable data 
associated with NCDs [4].
4. Strategies to prevent the growing burden of NCDs
4.1 The system approach
The system approach (SA) was primarily established by Urie Bronfenbrenner in 
Russia as a human developmental approach in the 1970s. This approach explicates 
how diverse systems of the community impact the development of an individual. 
The approach involves the word “system” which refers to the relations of organ-
isms within their setting. Moreover, from the sociological point of view, the system 
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describes the way humans and the public interact with their natural and artificial 
atmosphere [79]. The term “approach” incorporates the way people are in constant 
relation with each other and the setting in which they live [80]. However, these 
chains could either have an encouraging or discouraging effect on an individual. 
The system approach is applied in social work as a meta-paradigm which is regularly 
referred to as “a person in the neighbourhoods”. This meta-paradigm explains the 
way a person and different multifaceted settings interact and impact each other 
[81, 82]. The primary emphasis of the SA is that people are part of and continuously 
interact with other organisms in the setting. The system approach has been applied 
in healthcare to establish intercessions targeted at shifting the intrapersonal, inter-
personal, organisational, community, and health policies levels [82].
The system approach has four stages or levels of impact known as M4, namely 
a micro-system, meso-system, macro-system, and mega-system [83]. The micro-
system is the stage where the individual belongs, and it includes the impact 
relating to the person, which can come from the individuals’ family, peer groups, 
and the neighbourhood collectively stated as social agents. Social agents inter-
relate directly with an individual and affect a persons’ health behaviour either 
positively or negatively. For example, using networked communication such as 
sneezes, it will be easier for individuals to inform their families and friends about 
risk factors associated with NCDs and possible prevention mechanisms through 
verbal expression. Sneezes are imperative in NCDs prevention, and healthcare 
leading organisations need to ascertain who they are and give them incentives and 
motivations to blowout the conversation of the mouse. The meso-system is the 
level where the social representatives will be operating, and it is interrelated to the 
micro-system where the family experiences are associated to the peers’ experi-
ences and the peers’ experiences to the neighbourhood experiences—for example, 
by using schmoozed messages such as hive, a community who has a common 
culture, religion, custom, rules, beliefs, and traditions can increase the spread 
information related to NCDs and its associated risk factors, so that awareness can 
be easily created [83, 84]. The macro-system is the stage where organisations are 
involved and demonstrate an individual’s activities within it. An organisation can 
affect an individual’s life by encouragement or discouragement and vice-versa. For 
example, by using diversified mediums and amplifiers such as posters, images, 
slogans or phrases, school mini-media, television and radio broadcasts, short 
message services (SMS), webpages, and the internet as a means of transmitting 
information related to NCDs can increase the strength of information as it gets 
passed across a broad audience. The mega-system level illustrates the state that 
reflects the culture in which individuals live. Also, the mega-system level incor-
porates advancement, industrialisation, urbanisation, socio-economic status, 
poverty, religion, and ethnicity. For example, by applying velocity and smooth-
ness through high government officials involvement, NCDs-related messages can 
swiftly and efficiently reach a higher number of the public who can be reminded 
to abstain from behavioural practices that lead to NCDs. Likewise, working with 
multi sectors such as  governmental and non-governmental organisations, devel-
opmental partners, religious institutions, and urban planners to increase access 
and availability to parks, public open spaces, and recreational facilities can lead to 
effective transfer of information related to NCDs to a large number of the com-
munity and its prevention [82–84].
4.2 The view of the systems approach
The system approach, as illustrated in Figure 5, is constructed on a supposi-
tion that when an individual, community, healthcare organisations, and the 
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leading government authority are linked and operating together in a setting of 
a supportive system, the efficiency of preventing and controlling NCDs also 
increases.
4.2.1 Mega level
The mega-system level help to review and understand the existing NCDs 
prevention strategy, the practice of health information, the availability and status 
of data related to NCDs morbidity, mortality, and risk factors for decision-making 
at a national level. This level of the ecological system theory focuses on the status 
and availability of data related to NCDs at national level, so that plenty of informa-
tion can be utilised in the healthcare system for effective decision-making for the 
prevention of NCDs. Availability of quality and timeous NCDs data and evaluating 
its status periodically help policymakers to redesign and strengthen the existing 
healthcare system to revert the growing burden of NCDs at national and interna-
tional level [1, 4].
4.2.2 Macro level
The macro-level of the system approach explores and recognises strategies 
used by healthcare organisations such as health facilities, clinics, and hospital to 
prevent NCDs. The system approach at the macro level emphasises health profes-
sionals’ perceptions of NCDs risk factors and how healthcare professionals use 
appropriate preventative strategies to prevent NCDs risk factors at the various 
healthcare organisations. Exploring the perceptions of healthcare professionals 
can help to understand the magnitude of the disease burden and help health-
care organisations to establish and implement local specific NCDs prevention 
 strategies [1, 4].
Figure 5. 
Systems approach for NCDs prevention.
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message services (SMS), webpages, and the internet as a means of transmitting 
information related to NCDs can increase the strength of information as it gets 
passed across a broad audience. The mega-system level illustrates the state that 
reflects the culture in which individuals live. Also, the mega-system level incor-
porates advancement, industrialisation, urbanisation, socio-economic status, 
poverty, religion, and ethnicity. For example, by applying velocity and smooth-
ness through high government officials involvement, NCDs-related messages can 
swiftly and efficiently reach a higher number of the public who can be reminded 
to abstain from behavioural practices that lead to NCDs. Likewise, working with 
multi sectors such as  governmental and non-governmental organisations, devel-
opmental partners, religious institutions, and urban planners to increase access 
and availability to parks, public open spaces, and recreational facilities can lead to 
effective transfer of information related to NCDs to a large number of the com-
munity and its prevention [82–84].
4.2 The view of the systems approach
The system approach, as illustrated in Figure 5, is constructed on a supposi-
tion that when an individual, community, healthcare organisations, and the 
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leading government authority are linked and operating together in a setting of 
a supportive system, the efficiency of preventing and controlling NCDs also 
increases.
4.2.1 Mega level
The mega-system level help to review and understand the existing NCDs 
prevention strategy, the practice of health information, the availability and status 
of data related to NCDs morbidity, mortality, and risk factors for decision-making 
at a national level. This level of the ecological system theory focuses on the status 
and availability of data related to NCDs at national level, so that plenty of informa-
tion can be utilised in the healthcare system for effective decision-making for the 
prevention of NCDs. Availability of quality and timeous NCDs data and evaluating 
its status periodically help policymakers to redesign and strengthen the existing 
healthcare system to revert the growing burden of NCDs at national and interna-
tional level [1, 4].
4.2.2 Macro level
The macro-level of the system approach explores and recognises strategies 
used by healthcare organisations such as health facilities, clinics, and hospital to 
prevent NCDs. The system approach at the macro level emphasises health profes-
sionals’ perceptions of NCDs risk factors and how healthcare professionals use 
appropriate preventative strategies to prevent NCDs risk factors at the various 
healthcare organisations. Exploring the perceptions of healthcare professionals 
can help to understand the magnitude of the disease burden and help health-
care organisations to establish and implement local specific NCDs prevention 
 strategies [1, 4].
Figure 5. 
Systems approach for NCDs prevention.
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4.2.3 Meso level
At the meso level, the community, community health counsellors, and stakehold-
ers operate together to contribute to the prevention of NCDs. The emphasise of the 
meso level of the system approach is on creating awareness by community healthcare 
workers and community representatives on NCDs and related risk factors for the 
public in collaboration with the media. Telecommunication work together with the 
community to offer awareness on NCDs risk factors; promote a healthy diet and 
physical exercise benefits that is required within the community [1, 4, 40].
4.2.4 Micro level
The micro-healthcare system level is where NCDs prevention is managed and 
addressed at home and individual level. At this level, the family and the patients 
take full responsibility for their illness and self-manage their illness and diseases 
at home by using the advice they acquire from various sources of information and 
healthcare workers. At this level, NCDs-related education and preventative mecha-
nisms can be thought at family level by family representatives, and home visiting 
healthcare professionals can help families and individual patients to practise self-
management at their homes. At the micro level, NCDs-related data of the family in 
addition to detecting the challenges to self-management at this level, solutions to 
overcome the problem can be recorded [1, 4, 40].
5. Conclusion
The global burden of NCDs is increasing with devastating health consequences 
mounting swiftly in low- and middle-income countries (LMIC). The response and 
strategies used to prevent NCDs are inadequate in low-resourced countries due to 
the unavailability of timeous quality data at various stages of healthcare institu-
tions. Data associated with the prevalence, morbidity, mortality, and risk factors of 
NCDs are required for evidence-based decision-making to ensure effective manage-
ment of NCDs. Moreover, multi-sectoral response is required in low-resourced 
countries to urgently implement a systems approach at micro, meso, macro, and 
mega-level to prevent and control NCDs and its associated risk factors.
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Non-Communicable Diseases and 
Urbanization in African Cities: A 
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Abstract
Rapid urbanization in Africa has been linked to the growing burden of non-
communicable diseases (NCDs). Urbanization processes have amplified lifestyle risk 
factors for NCDs (including unhealthy diets, tobacco use, harmful alcohol intake, and 
physical inactivity), especially among individuals of low and middle social economic 
status. Nevertheless, African countries are not keeping pace with the ever increasing 
need for population-level interventions such as health promotion through education, 
screening, diagnosis, and treatment, as well as structural measures such as policies 
and legislation to prevent and control the upstream factors driving the NCD epidemic. 
This chapter highlights the NCD burden in urban Africa, along with the social deter-
minants and existing interventions against NCDs. The chapter concludes by offering 
insights into policy and legislative opportunities and recommends stronger efforts to 
apply multisectoral and intersectoral approaches in policy formulation, implementa-
tion, and monitoring at multiple levels to address the NCD epidemic in African cities.
Keywords: NCDs, risk factors, urbanization, African cities, Africa
1. Introduction
Over the last few decades, the proportion of the world’s population living in 
urban areas has grown to 55%, and is expected to increase to 68% by 2050 [1]. 
Africa’s urban growth is unfolding more rapidly than anywhere in the world, with 
the share of urban dwellers projected to exceed 50% by 2035 [1]. However this 
growth has been characterized as “rapid, unplanned and unmanaged” because 62% 
of the urban population in Africa lives in informal settlements characterized by 
conditions of squalor, overcrowding, and small make-shift structures mostly made 
of sub-standard housing materials such as mud and scraps of wood or corrugated 
metal [2]. Unplanned settlement in cities is associated with increased inequal-
ity, urban poverty, social deprivation and lifestyle changes that could lead to an 
increased burden of non-communicable diseases (NCDs) [3]. Thus, changes in 
physical and social environment in the urban space favor the adoption of behaviors 
that promote unhealthy lifestyles such as physical inactivity, unhealthy diets, 
tobacco consumption and harmful alcohol consumption that predispose individuals 
living in the slums to NCDs [4, 5]. Even so, there is generally lack of consensus as to 
whether there exists any NCDs health advantages in urban area.
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1. Introduction
Over the last few decades, the proportion of the world’s population living in 
urban areas has grown to 55%, and is expected to increase to 68% by 2050 [1]. 
Africa’s urban growth is unfolding more rapidly than anywhere in the world, with 
the share of urban dwellers projected to exceed 50% by 2035 [1]. However this 
growth has been characterized as “rapid, unplanned and unmanaged” because 62% 
of the urban population in Africa lives in informal settlements characterized by 
conditions of squalor, overcrowding, and small make-shift structures mostly made 
of sub-standard housing materials such as mud and scraps of wood or corrugated 
metal [2]. Unplanned settlement in cities is associated with increased inequal-
ity, urban poverty, social deprivation and lifestyle changes that could lead to an 
increased burden of non-communicable diseases (NCDs) [3]. Thus, changes in 
physical and social environment in the urban space favor the adoption of behaviors 
that promote unhealthy lifestyles such as physical inactivity, unhealthy diets, 
tobacco consumption and harmful alcohol consumption that predispose individuals 
living in the slums to NCDs [4, 5]. Even so, there is generally lack of consensus as to 
whether there exists any NCDs health advantages in urban area.
Public Health in Developing Countries - Challenges and Opportunities
32
NCDs represent a leading threat to human health and development [6]. In 
2015 alone, four major NCDs-cardiovascular diseases (CVDs), cancers, diabetes, 
and chronic respiratory diseases accounted for 72% of all deaths globally; 85% of 
these were from low and middle income countries (LMICs) [7]. In urban areas of 
SSA, NCDs are rising faster than anywhere else in the world [8]. The economic 
consequences of NCDs are enormous across the globe, and are felt at the individual, 
household, community and health systems levels. Bloom et al. (2011) [9], estimated 
that economic losses due to NCDs could amount to approximately 75% of the global 
GDP. While there is wider recognition of the increasing burden of NCDs across 
Africa [5], scanty literature exists on the link between urban environments and 
NCD risks in Africa, as well as the associated health and social consequences, and 
access to health services. Considering that future population growth will take place 
predominantly in African cities, there is need for a deeper understanding of urban 
health and the context of NCDs in African cities to identify tailored interventions to 
curb the epidemic. Urbanization in sub-Saharan Africa provides a unique oppor-
tunity to explore the mechanisms by which urban environment influences NCD 
epidemiology.
This chapter describes both the health determinants and outcomes in African 
cities with special attention to low-income urban areas. It further highlights the 
burden, impact and possible interventions for NCDs in African cities. The chapter 
draws on insights from relevant peer-reviewed and gray literature on NCDs, and the 
authors’ own experiences on the subject in Africa.
2. Increasing urbanization and health consequences in Africa
While the African continent remains largely rural, it is one of the fastest urban-
izing regions in the world [1]. Africa’s transition into the ‘urban age’ is seen in the 
prolific growth of megacities as well as smaller towns [10]. The urban population 
increased from 14 to 32% between 1950 and 1990 and is projected to rise to 54.1% 
by the year 2025 [11]. In absolute terms, the urban population will rise from 395 
million in 2010 to 1.339 billion in 2050 [12]. Currently, the continent has seven 
megacities (cities with populations over 10 million): Cairo, Kinshasa, Lagos, Accra, 
Johannesburg, –Pretoria and Khartoum with cities such as Lagos having an average 
annual growth rate of 5.8% (Table 1).
Other big cities expected to join the megacity list include Nairobi, Luanda, 
Dar es Salaam and Addis Ababa [13]. Urbanization trends in most of African 
Urban population as a percentage of 
total population*
Urban population average annual 
growth rate








28 39 (3127) −3686 3.7 5 2.4
Kenya 10 24 (25) 32 (34) 8.5 7.8 7
Zimbabwe 17 28 (10) 35 (12) 5.6 5.8 5.4
Nigeria 20 36 (99) 43 (128) 6.1 5.8 5.4
*Figures in parenthesis are estimates of total population in millions.
Table 1. 
Urbanization of low-income countries in sub-Saharan Africa.
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countries are mainly demographically driven without commensurate socioeco-
nomic development [14]. With no massive social, economic and infrastructural 
transformations in place, growing cities and towns in Africa experience high 
rates of poverty, unemployment, low wages and inequality [15, 16]. Urbanization 
in African is rather chaotic and is dogged with complex urban health crises 
arising from inadequate safe water supply, squalor and shanty settlements 
(Figure 1), poor sanitation, poor solid waste and toxins disposal that con-
taminates food and water [3]. These living conditions drive a high incidence of 
infectious diseases [17].
Injuries are also common because of inefficient, congested, and risky trans-
port system [18]. It is estimated that up to 62 percent of SSA’s urban population 
live in informal settlements characterized by pervasive poverty and overcrowd-
ing [19]. While the poor in the cities continue to suffer marginalization and 
experience excess social and economic vulnerability from unstable employment, 
external shocks such as natural disasters, the affluent section of cities are much 
more planned and with significant policy attention, and development that 
ensures healthy living such as presence of walk ways, parks and playing fields 
(Figure 2) [20, 21]. Therefore, the divide between the rich and poor urban dwell-
ers remains wide in African cities, and the extent of inequality reduces access 
to healthy living as well as essential and quality health services particularly for 
the poor. Young people face several challenges when transitioning to adulthood 
within such settings.
There is substantial evidence from studies conducted in Nairobi slums, indicat-
ing an increase of smoking along decreasing social economic status (SES) gradi-
ent, and within overcrowded settings, thereby elevating the risks of second hand 
smoking [22]. While urban poverty remains a critical trigger of NCD risks, the 
existing obesogenic environments and weak health systems in most of urban Africa 
portend a bleak future for NCD prevention and control. Studies in Kenya, Ghana 
and South Africa have also shown that living in a city is associated with higher 
odds of obesity and cardio-metabolic risk factors [23–25]. Similarly, Peer et al., 
(2013) [26], in South Africa found that urban environments are associated with an 
increase in prevalence of the traditional risk factors for NCDs including smoking, 
harmful alcohol consumption, inadequate physical activity, and inadequate fruit/
vegetable consumption. In addition, early life exposure to urban environment has 
been linked to an increased risk of obesity and impaired fasting glucose in later 
adulthood [27].
Figure 1. 
Korogocho slums in Nairobi. Credit: APHRC.
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NCDs represent a leading threat to human health and development [6]. In 
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Urban population as a percentage of 
total population*
Urban population average annual 
growth rate








28 39 (3127) −3686 3.7 5 2.4
Kenya 10 24 (25) 32 (34) 8.5 7.8 7
Zimbabwe 17 28 (10) 35 (12) 5.6 5.8 5.4
Nigeria 20 36 (99) 43 (128) 6.1 5.8 5.4
*Figures in parenthesis are estimates of total population in millions.
Table 1. 
Urbanization of low-income countries in sub-Saharan Africa.
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countries are mainly demographically driven without commensurate socioeco-
nomic development [14]. With no massive social, economic and infrastructural 
transformations in place, growing cities and towns in Africa experience high 
rates of poverty, unemployment, low wages and inequality [15, 16]. Urbanization 
in African is rather chaotic and is dogged with complex urban health crises 
arising from inadequate safe water supply, squalor and shanty settlements 
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taminates food and water [3]. These living conditions drive a high incidence of 
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live in informal settlements characterized by pervasive poverty and overcrowd-
ing [19]. While the poor in the cities continue to suffer marginalization and 
experience excess social and economic vulnerability from unstable employment, 
external shocks such as natural disasters, the affluent section of cities are much 
more planned and with significant policy attention, and development that 
ensures healthy living such as presence of walk ways, parks and playing fields 
(Figure 2) [20, 21]. Therefore, the divide between the rich and poor urban dwell-
ers remains wide in African cities, and the extent of inequality reduces access 
to healthy living as well as essential and quality health services particularly for 
the poor. Young people face several challenges when transitioning to adulthood 
within such settings.
There is substantial evidence from studies conducted in Nairobi slums, indicat-
ing an increase of smoking along decreasing social economic status (SES) gradi-
ent, and within overcrowded settings, thereby elevating the risks of second hand 
smoking [22]. While urban poverty remains a critical trigger of NCD risks, the 
existing obesogenic environments and weak health systems in most of urban Africa 
portend a bleak future for NCD prevention and control. Studies in Kenya, Ghana 
and South Africa have also shown that living in a city is associated with higher 
odds of obesity and cardio-metabolic risk factors [23–25]. Similarly, Peer et al., 
(2013) [26], in South Africa found that urban environments are associated with an 
increase in prevalence of the traditional risk factors for NCDs including smoking, 
harmful alcohol consumption, inadequate physical activity, and inadequate fruit/
vegetable consumption. In addition, early life exposure to urban environment has 
been linked to an increased risk of obesity and impaired fasting glucose in later 
adulthood [27].
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3. Burden and trends of NCDs in Africa
The world health organization (WHO), defines NCDs as any medical condition 
or disease that is non-infectious and non-transmissible among people. The four 
main NCDs include cardiovascular diseases, chronic respiratory diseases, diabetes, 
and cancers which share a set of four key behavioral risk factors: tobacco use, 
harmful alcohol use, physical inactivity, and unhealthy diet [28]. These behaviors 
mediate biological risk factors such as obesity, raised blood pressure, and increased 
blood glucose, elevated blood lipids which ultimately progress to more advanced 
disease [29]. Other examples of NCDs include mental illnesses, injuries, and 
chronic kidney diseases. From 1990 to 2015, NCDs related deaths in SSA increased 
from 25% (1.7 million) to 34% (2.7 million). During the same period, the total 
NCD burden expressed as disability adjusted life years (DALYs) increased by 45% 
[7]. Cardiovascular diseases (CVDs) are the leading cause of NCD deaths. In 2013, 
CVDs caused nearly 1 million deaths in SSA, constituting 38.3% of non-communi-
cable disease deaths and 11.3% of deaths from all causes in the region [30]. Cancers 
come second causing 12% NCDs deaths with wide variations across regions in 
SSA. Among males in SSA, leading cancer cases (in age-standardized incidence 
rate (ASIR) per 100,000 population) included, prostate cancer (27.9), liver cancer 
(10.2), Kaposi sarcoma (7.2), oesophageal cancer (6.8) and colorectal cancer (6.4). 
While among females, cervical cancer (34.8), breast cancer (33.8), liver cancer 
(5.4), colorectal cancer (5.4), ovarian (4.6) [31], are the most common causes of 
death. Tragically, survival from cancer is worse than in the rest of the world. For 
many cancers, the risk of getting cancer and the risk of dying from it are nearly the 
same in SSA [32]. Chronic respiratory diseases and diabetes are each responsible 
for about 10% and 5% of total deaths in SSA respectively [7]. The NCD risk fac-
tors such as high blood pressure, poor diets, air pollution, high body-mass index, 
tobacco smoking, alcohol and drug use, high fasting plasma glucose, high total 
cholesterol, and low physical activity are the top 10 global risk factors for death [7].
Other forms of NCDs such as injuries are responsible for a significant proportion 
of DALYS. Injuries resulting from road accidents (motor vehicles and motor bikes) 
have increasingly taken a growing toll on human health [33]. Mental disorders, 
including depression and anxiety, or severe forms like psychosis, schizophrenia and 
bipolar, as well as alcohol and substance dependence are common. Over the next 
decade, it is projected that NCD associated DALYs will surpass that contributed by 
infectious diseases, perinatal and maternal conditions combined (Figure 3).
Figure 2. 
A section of the Nairobi Central Business District (CBD).
35
Non-Communicable Diseases and Urbanization in African Cities: A Narrative Review
DOI: http://dx.doi.org/10.5772/intechopen.89507
4. Hypertension in African cities
Hypertension is a leading risk factor for mortality, and is the prime risk factor 
for the CVD epidemic in Africa [34]. Hypertension is defined as an average systolic 
blood pressure ≥140 mmHg and/or average diastolic blood pressure ≥90 mmHg 
among adults aged at least 18 years. Data available on hypertension prevalence are 
from a wide range of studies [35, 36], majority of which are not age-standardized, 
and this limits the opportunity for reliable comparison between different African 
countries and cities. Nevertheless, several WHO STEPwise surveys reported a 
hypertension prevalence of 19.3–39.6% in Africa [35, 37]. Additional data from epi-
demiological modeling project suggest that 216.8 million people will have hyperten-
sion by 2030. Urban settings consistently have a higher prevalence of hypertension 
compared to rural areas [38, 39] (Figure 4).
Of great concern, is the proportion of individuals with hypertension who remain 
underdiagnosed, lack access to treatment and are prone to severe complications and 
increased risk of premature deaths [40]. Evidence from a review of hypertension in 
23 African countries, shows that less than half of those with hypertension are aware 
of their diseases and only one third of those who are aware start treatment, and less 
than 10% of those on treatment have their blood pressure controlled [41]. It is thus 
crucial to understand the risk factors driving the rise of hypertension in urban areas 
to inform preventive interventions. Several factors have been cited as responsible 
for the rise of hypertension among urban populations in Africa.
Early studies by Donnison et al. (1929) in an African rural community estab-
lished the role of civilization and urbanization on the development of hyperten-
sion [42]. Later, Poulter et al. (1990) established social-behavioral origins with 
sedentary lifestyles and increased consumption of unhealthy diets among rural–
urban migrants in Kenya as major factors driving elevated blood pressure [43]. 
Researchers also observed that mean diastolic blood pressure of migrants (aged 
15–34 years) who moved to the cities increased markedly over time, compared to 
Figure 3. 
Projected burden of disease in SSA, 2008 and 2030. Source of data: Authors from (World Health Organization, 
2008). NCDS*: Cardiovascular diseases, cancer, diabetes, chronic respiratory diseases.
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their controls in the rural areas. In addition, migrants’ mean urinary sodium: potas-
sium ratio, weight and pulse rate were higher than for controls [43]. Cooper et al., 
also hypothesized that environmental and behavioral changes that occur when 
individuals move from rural to urban settings all coalesce to increase predisposition 
to hypertension [44].
Urban poverty which is common in African cities, is also known to mediate 
deleterious risks factors for hypertension among urban residents [45]. In LMICs, 
poverty exposes people to behavioral risk factors for NCDs and in turn, result-
ing NCDs become an important driver for poverty. The urban poor experience 
increased vulnerability to unhealthy diets and physical inactivity. Evans et al., 
(2010) found that informal settlements within cities in South Africa had unhealthy 
diets and inadequate physical activity because they lacked access to organized 
markets for healthy foods, and had inadequate resources for physical activity [46].
Urban living in South Africa, Tanzania and Cameroon was also reported to 
be associated with increased exposure to tobacco use, excessive alcohol intake, 
unhealthy diets (high in salt, and sugar and less in fiber) and also physical inactivity 
[47, 48]. In the next section, we review how urban environment modifies NCD risk 
factors.
5.  How urban environment determines the rise of NCD risk factors  
in African cities
5.1 Unhealthy diets in African cities
There is evidence alluding to the link between diet and development of over-
weight, obesity and occurrence of NCDs [49]. However, the understanding of 
the nexus between urbanization and changes in dietary patterns and nutrient 
intakes in Africa remains limited. As African cities grow, the rise in urban popula-
tion’s increases pressure on arable land for farming, and coupled with rural urban 
migration, this reduces the ratio of food producers to food consumers [16]. This 
Figure 4. 
Prevalence of hypertension by rural–urban residence in selected African countries. Source of data: World 
Health Survey (2003).
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consequently leads to severe disruptions in healthy food availability, distribution, 
access and affordability [50, 51]. As healthy foods such as fresh vegetables and 
fruits, cereals and plant proteins diminish in urban settings, populations resort to 
the readily available which often unhealthy. A survey in major cities of Cape Verde, 
Ghana and Senegal reported an increased consumption of energy-dense foods such 
as candies, ice cream and sweetened beverages up to seven times as frequently as 
fruit and vegetables [50]. This finding affirms previous studies that showed rapid 
rise in fat intake across low income countries, including in Africa [52]. Proliferation 
of fast-food outlets, supermarkets, food vendors, and restaurants in cities have 
facilitated increased access to unhealthy diets, thus transforming urban settle-
ments into highly obesogenic environments. Nevertheless, for individuals of higher 
socio-economic status, these changes may offer improved access to nutritious foods 
since they can afford more healthy foods [53]. While for the urban poor, choices for 
healthy foods are restricted and they easily resort to the most easily available and 
affordable diets that are largely unhealthy [54]. In the cities, there are aggressive 
powerful commercial and emotional advertisements and marketing through vari-
ous media outlets, which greatly influence preferences and choices of fast-foods and 
sugary drinks, especially among children and young adults [55, 56].
5.2 Physical inactivity and sedentary lifestyles in cities
Physical activity (PA) has many health-promoting effects and is associated with 
reduced risk of cardiovascular and metabolic diseases, obesity, and some cancers 
[57]. Insufficient physical activity is a leading risk factor for NCDs and has a nega-
tive effect on mental health and quality of life. Levels of physical activity in many 
African countries vary widely across geographic regions and population subgroups. 
For instance, country level prevalence of PA ranged from 46.8% in Mali to 96.0% 
in Mozambique [58]. While current data shows that SSA has the least prevalence 
of insufficient physical activity compared to the rest of the world [59], trend data 
shows decreasing levels of physical activity and increasing levels of sedentary 
lifestyles across all age groups [60]. Country-specific population-based data on 
physical activity prevalence show lower levels of PA in urban environments attrib-
uted to built-up environment leaving no green spaces for physical activity [61]. In 
addition, congestion in cities, availability of motorized transport and absence of 
paved walk-ways makes it impractical for physical activity to happen in African 
cities. In low income informal settlements in African cities, several physical barri-
ers and insecurity limit physical activity [46]. In Kenya for instance, young adults 
in rural areas were found to be more physically active compared to those in urban 
areas. A study conducted by Mashili et al. (2018) in Tanzania also found that being 
employed, higher education and wealth status (mainly among urban residents) 
were associated with less physically activity [62].
5.3 Tobacco and alcohol use in African cities
The WHO considers tobacco use as the single leading cause of avoidable death 
and ill health, contributing to lung cancer, chronic respiratory disease and cardio-
vascular disease [63]. While the use of cigarette and other tobacco products has 
declined in high-income countries [64], cigarette use in LMICs including in SSA is 
rising [65]. Demographic Health Surveys (DHS) conducted in 16 African countries 
revealed that cigarette use was highest among urban dwellers, less educated, and 
lower socioeconomic status individuals [66]. Consistent with previous studies in 
Africa, urban residents are most at risk for cigarette use [67], and start smoking 
at a younger age [68]. A study by Williams et al., (2008) in Cape Town concluded 
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sugary drinks, especially among children and young adults [55, 56].
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[57]. Insufficient physical activity is a leading risk factor for NCDs and has a nega-
tive effect on mental health and quality of life. Levels of physical activity in many 
African countries vary widely across geographic regions and population subgroups. 
For instance, country level prevalence of PA ranged from 46.8% in Mali to 96.0% 
in Mozambique [58]. While current data shows that SSA has the least prevalence 
of insufficient physical activity compared to the rest of the world [59], trend data 
shows decreasing levels of physical activity and increasing levels of sedentary 
lifestyles across all age groups [60]. Country-specific population-based data on 
physical activity prevalence show lower levels of PA in urban environments attrib-
uted to built-up environment leaving no green spaces for physical activity [61]. In 
addition, congestion in cities, availability of motorized transport and absence of 
paved walk-ways makes it impractical for physical activity to happen in African 
cities. In low income informal settlements in African cities, several physical barri-
ers and insecurity limit physical activity [46]. In Kenya for instance, young adults 
in rural areas were found to be more physically active compared to those in urban 
areas. A study conducted by Mashili et al. (2018) in Tanzania also found that being 
employed, higher education and wealth status (mainly among urban residents) 
were associated with less physically activity [62].
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The WHO considers tobacco use as the single leading cause of avoidable death 
and ill health, contributing to lung cancer, chronic respiratory disease and cardio-
vascular disease [63]. While the use of cigarette and other tobacco products has 
declined in high-income countries [64], cigarette use in LMICs including in SSA is 
rising [65]. Demographic Health Surveys (DHS) conducted in 16 African countries 
revealed that cigarette use was highest among urban dwellers, less educated, and 
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Africa, urban residents are most at risk for cigarette use [67], and start smoking 
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Figure 5. 
Differences in urban and rural overweight and obesity prevalence in Africa. Source of data: Demographic 
Health Surveys (DHS).
that urbanicity was associated with smoking attitudes among women [69]. Notably, 
increased marketing of tobacco products target women and youths in urban SSA 
[66]. Young adults in African cities, for example in Nairobi, Kigali and Dar-es-
salaam, have taken into trendier smoking habits such as “shisha” (pipe smoking) 
[70–72]. In addition, since informal settlements in the cities are overcrowded, there 
is increased the risk of second hand smoking and indoor pollution from cooking– 
all linked to cardiovascular and respiratory complications [73].
Comparative literature about alcohol use in urban and rural settings is rare. 
Some studies have linked urban living to the rise of psychological distress and 
alcohol-related problems. However, there is paucity of research that investigates the 
link between urbanization stress and alcoholism in SSA [74]. Similarly, harmful use 
of alcohol is often associated with injuries, violence, crime, suicide and risky sexual 
behaviors [75].
5.4 Obesity and overweight
The link between obesity, poor health outcomes and all-cause mortality is well 
established. Obesity is known to increase the likelihood of diabetes, hypertension, 
coronary heart disease, and stroke, certain cancers, obstructive sleep apnoea and 
osteoarthritis. It also negatively affects reproductive performance [24, 27, 76].  
Research evidence now characterizes the rapid rise in obesity levels in urban 
parts of Africa over the last 25 years as an epidemic. A study in Nairobi informal 
settlements found three times higher obesity prevalence than that rural areas in 
Kenya [77]. An analysis of demographic and health survey data from 24 African 
countries over the past 25 years revealed a consistent increase in obesity levels in 
all study countries. Obesity more than doubled or tripled in 12 of the 24 countries 
including Kenya, Benin, Niger, Rwanda, Ivory Coast and Uganda, Zambia, Burkina 
Faso, Mali, and Malawi, while Tanzania experienced a three-fold increase over 
the same period [78]. Substantial differences were observed between countries: 
Egypt and Ghana had the highest prevalence of obesity in the survey estimated at 
39 and 22%respectively [79]. Obesity was higher among women aged between 15 
and 49 years and those living in urban areas [80]-see Figure 5.
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Several studies have described the role of urbanization in the rising obesity 
epidemic in the African continent [79–81]. Urbanization along with socioeconomic 
transformation lead to increased access to high energy-dense foods and more 
sedentary lifestyles resulting in a positive energy balance leading to obesity. Access 
to cheap foods, high in fat and sugar content among the urban poor is easier than 
in rural communities, thus the higher prevalence of obesity in urban areas [82]. In 
an analysis of data from seven African countries including Malawi, Senegal, Kenya, 
Ghana, Tanzania, Niger and Burkina Faso, Ziraba et al., found that the greatest 
increase in prevalence of overweight and obesity over a ten-year was among the 
poorest people living in the cities [83].
6. Control of NCDs in Africa cities
Many interventions for prevention and control of NCDs exist but because most 
African countries have limited resources, choices have to be made about which of 
the interventions are prioritized [84]. WHO proposed several NCD “best-buy” 
strategies - proven and cost-effective approaches for addressing NCDs- within 
LMICs through tacking of the modifiable risk factors for NCDs [85]. Examples 
of the “best buys” include increasing taxes on tobacco and alcohol, legislation 
to restrict smoking zones, bans on advertising, reducing salt and sugar in food 
and raising public awareness on dangers of all risk factors for NCD and promot-
ing healthy behaviors. A number of African governments made commitments in 
domesticating and implementing NCD related international commitments, such 
as the Global NCD Action Plan 2013–2020 with targets and indicators to accelerate 
NCD control [86]. Nevertheless, progress has been slow, and in some cases off-track 
in achieving the NCDs indicators by the set deadlines [87]. Scarcity of resources 
and several competing priorities in the health sectors across African countries 
limits the ability of countries to achieve their targets. A recent WHO NCD Progress 
Monitor report revealed that less than half of WHO Member States have set NCD 
targets/indicators to track progress of implementing NCD “best buys” [88]. Some 
of the “best-buys” that have been implemented by African countries include; taxes 
and legislations to create a protective environment that limits exposure to harmful 
behaviors especially for the most vulnerable.
Both excise and sales tax on tobacco products in Kenya and South Africa were 
increased [89]. Similarly, several countries including Botswana, Kenya, The 
Gambia, Ghana, South Africa, Tanzania, and Zimbabwe have imposed taxes on 
alcoholic beverages [90]. While the enforcement of the alcohol and tobacco poli-
cies may be lacking the needed regulatory teeth, there is some evidence suggesting 
higher levels of alcohol and tobacco abstinence in countries implementing these 
interventions compared to countries without any regulations [90]. Between 1993 
and 2009, cigarettes sales declined by 30% in South Africa, and the rate of smok-
ing among adults dropped by 25%, even as government revenues from tobacco 
taxes increased by 800% [91, 92]. South Africa imposed taxes on sugary drinks in 
2017, becoming the first African country to do so, in an attempt to reduce excessive 
consumption of sugary drinks [93], the effect of this is yet to be seen. South Africa 
also passed a legislation to enforce salt reductions in the food industry by establish-
ing maximum sodium content limits to be achieved by 2019 [94]. Some countries 
are now pushing for bans on alcohol advertising. In Gambia, alcohol advertising is 
banned on national television and radio.
Some African cities have chosen a more positive and interactive approach 
through health promotion such as raising awareness about NCDs and encouraging 
disease screening through campaigns (e.g. for hypertension and diabetes). Most of 
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Figure 5. 
Differences in urban and rural overweight and obesity prevalence in Africa. Source of data: Demographic 
Health Surveys (DHS).
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including Kenya, Benin, Niger, Rwanda, Ivory Coast and Uganda, Zambia, Burkina 
Faso, Mali, and Malawi, while Tanzania experienced a three-fold increase over 
the same period [78]. Substantial differences were observed between countries: 
Egypt and Ghana had the highest prevalence of obesity in the survey estimated at 
39 and 22%respectively [79]. Obesity was higher among women aged between 15 
and 49 years and those living in urban areas [80]-see Figure 5.
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Monitor report revealed that less than half of WHO Member States have set NCD 
targets/indicators to track progress of implementing NCD “best buys” [88]. Some 
of the “best-buys” that have been implemented by African countries include; taxes 
and legislations to create a protective environment that limits exposure to harmful 
behaviors especially for the most vulnerable.
Both excise and sales tax on tobacco products in Kenya and South Africa were 
increased [89]. Similarly, several countries including Botswana, Kenya, The 
Gambia, Ghana, South Africa, Tanzania, and Zimbabwe have imposed taxes on 
alcoholic beverages [90]. While the enforcement of the alcohol and tobacco poli-
cies may be lacking the needed regulatory teeth, there is some evidence suggesting 
higher levels of alcohol and tobacco abstinence in countries implementing these 
interventions compared to countries without any regulations [90]. Between 1993 
and 2009, cigarettes sales declined by 30% in South Africa, and the rate of smok-
ing among adults dropped by 25%, even as government revenues from tobacco 
taxes increased by 800% [91, 92]. South Africa imposed taxes on sugary drinks in 
2017, becoming the first African country to do so, in an attempt to reduce excessive 
consumption of sugary drinks [93], the effect of this is yet to be seen. South Africa 
also passed a legislation to enforce salt reductions in the food industry by establish-
ing maximum sodium content limits to be achieved by 2019 [94]. Some countries 
are now pushing for bans on alcohol advertising. In Gambia, alcohol advertising is 
banned on national television and radio.
Some African cities have chosen a more positive and interactive approach 
through health promotion such as raising awareness about NCDs and encouraging 
disease screening through campaigns (e.g. for hypertension and diabetes). Most of 
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these health promotion approaches are aimed at achieving positive health behaviors 
at individual and community levels [95]. For example in Kigali, Rwanda physical 
activity is promoted among city residents by encouraging people to leave work early 
once in a week to engage in physical activity [96]. Such preventive approaches to 
NCD control targeting the behavioral risk factors are more cost-effective than treat-
ing the NCDs. A more concerted, strategic, and multi-sectorial policy approach is 
essential to help reverse the negative trends of NCDs in urban Africa.
7. Challenges of NCD control in urban Africa
Several challenges hinder efforts to address the NCD burden in cities. The main 
challenges include lack of data needed to inform primary prevention, care and 
treatment, low community awareness on NCDs and risk factors, weak policies and 
poverty in the informal settlements.
7.1 Dearth of NCD data
Limited availability of representative data on the burden of NCDs in Africa 
[97], leads to a gross underestimation of burden, thus the inability to lobby for 
investment in NCD care service delivery. Some countries have collected national 
NCD data through the NCD WHO STEPwise surveys. Up to 33 countries in WHO 
African Region have conducted at least one round of STEPwise survey which draws 
a nationally representative sample and about 19 countries have conducted the global 
school-based student health surveys (GSHS) [98]. Routine data captured by health 
facilities on morbidity and mortality could be a potential sources of data, but these 
data are limited by non-representativeness due to differential use of health services, 
inaccuracies from paper-based data capture systems, thus the data are largely 
regarded as of poor quality [99]. Insurance firms also provide important morbidity 
data, but these have limited value since a small proportion of the population access 
health insurance. The Global Burden of Disease study combines several datasets to 
model national NCD morbidity and mortality estimates, but rarely reports NCD 
burden by rural versus urban locations. Data challenges such as the variation in 
methodologies used to capture data, the rigor of instruments, sampled populations, 
design used as well as the variations in how the indicators are defined continue to 
hamper the comparability and learning across countries [100]. Planning of NCD 
services without reliable data is almost impossible.
7.2 Lack of community awareness
Lack of knowledge and awareness on risk factors at community level hinders 
healthy behavior change and uptake of early NCD screening and treatment services 
[101]. A study in Abuja reported a high prevalence of hypertension among the 
elderly populations, and majority of whom were unaware about their conditions 
[102]. Other studies have suggested that low levels of knowledge and awareness of 
hypertension are associated with undiagnosed, severe or complicated, and uncon-
trolled hypertension [103], lack of patients’ adherence to lifestyle modifications 
and to medications [104, 105]. Certainly raising awareness particularly on uptake 
of screening services for most NCDs could be beneficial at both individual and 
population-levels. And in the context of urban Africa, such efforts could leverage 
on wide spread mass-media for health promotion. Low levels of NCD awareness or 
knowledge levels among health workers is also associated with reduced ability for 
case-finding, treatment and referrals [106].
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7.3 Weak policies
Urban populations in Africa tend to be very diverse by education, religion, 
socioeconomic status and culture [5]. As a result, NCD prevention and control 
policies and programs need to be tailored to cater for variations at population levels 
[107]. In a review CVD policies in Kenya Asiki et al. (2018) found no standalone 
policies for CVD management and care but some aspects of CVD policy were cov-
ered in general NCD policy document [108]. NCD policies in most African coun-
tries suffer the same deficiencies as they do not reflect the typical realities of urban 
living –pervasive food marketing and complex urban food environments that may 
offer diversity as well as greater exposure to unhealthy foods [8]. These policies are 
also not well integrated with policies in other sectors such as spatial planning, infra-
structure and housing, transport planning, education policy, access to energy, and 
water and sanitation policies and interventions [53]. As such minimum intersectoral 
and multisectoral engagements in policy formulation lead to standalone NCD poli-
cies that are not coherent with other policies [90]. Furthermore, national policies 
and plans for the prevention and control of NCDs often suffer from underfunding 
[109], and are thus not implemented. In addition, interference from commercial 
and economic interests of industry for tobacco, alcohol, and food industries makes 
it difficult to regulate these NCD risk factors as policy makers and law enforcers are 
often bribed or threatened not to formulate and or implement such policies [110].
7.4 Slow health system response
Health systems in SSA are characteristically weak and overburdened by the 
rapidly increasing double burden of communicable diseases and NCDs [17]. With 
more focus and investment on infectious diseases such as malaria, TB and HIV, very 
little attention is given to the rising NCD burden in cities [111]. As a consequence, 
several gaps and missed opportunities exist to offer services for patients and many 
miss diagnosis, and treatment to when they present to hospitals with other diseases 
[112]. Inadequate staff and as well as capacity of health staff in most countries, 
negatively affects NCD prevention and treatment at facilities. For instance, nurses 
at primary healthcare facilities should have skills to use simple point-of-care equip-
ment such as glucometers for early screening, treatment and referral of individuals 
with abnormal blood glucose [113]. Frequent stock-outs of medicines and supplies 
remains a critical barrier to prompt treatment and adherence to these treatments. 
In Nairobi, Kenya medicines for NCDs are hardly available in public hospitals, and 
there is lack of integration of NCD services with other chronic diseases such as HIV 
or TB services [114]. Knowing that interventions targeted against one of the disease 
burdens will impact the other, it is critical that interventions are conducted jointly 
instead of competing for limited resources. A study in Malawi reported that the full 
cost of NCD care is often borne directly by patients through out-of-pocket (OOP) 
payments individuals [115]. Similarly, a study by Mwai and Muriithi (2016) in 
Kenya reported that NCDs reduce household income by almost 30%, compared to 
other general ailments that reduce household income by 13.6%. As a consequence, 
many people suffering from NCDs in Africa face risks of experiencing catastrophic 
health expenditures, impoverishment and may be deterred from seeking the care 
they need [116].
7.5 Poverty in informal settlements
Poverty is common among urban residents in Africa and this plays a funda-
mental role in the onset, progress and mortality of NCD patients [117]. Studies 
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[102]. Other studies have suggested that low levels of knowledge and awareness of 
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with abnormal blood glucose [113]. Frequent stock-outs of medicines and supplies 
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In Nairobi, Kenya medicines for NCDs are hardly available in public hospitals, and 
there is lack of integration of NCD services with other chronic diseases such as HIV 
or TB services [114]. Knowing that interventions targeted against one of the disease 
burdens will impact the other, it is critical that interventions are conducted jointly 
instead of competing for limited resources. A study in Malawi reported that the full 
cost of NCD care is often borne directly by patients through out-of-pocket (OOP) 
payments individuals [115]. Similarly, a study by Mwai and Muriithi (2016) in 
Kenya reported that NCDs reduce household income by almost 30%, compared to 
other general ailments that reduce household income by 13.6%. As a consequence, 
many people suffering from NCDs in Africa face risks of experiencing catastrophic 
health expenditures, impoverishment and may be deterred from seeking the care 
they need [116].
7.5 Poverty in informal settlements
Poverty is common among urban residents in Africa and this plays a funda-
mental role in the onset, progress and mortality of NCD patients [117]. Studies 
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have suggested that the groups most at risk of NCDs in the next decade will be the 
urban poor [118]. While NCD epidemiology in high income countries is largely 
driven by explosion of traditional risk factors in Rwanda, increasing evidence 
points to a greater contribution of malnutrition, infections, and toxic environ-
ments - all exacerbated by poverty [119]. Poverty also limits access to quality NCD 
care. Majority of the urban poor lack access to health insurance and therefore 
resort to out-of-pocket payments, consequently leading to catastrophic spending 
[120]. Research on social and economic implications of NCDs remain scarce in 
most SSA countries yet such information is important for prioritization of NCDs 
by all relevant sectors [121].
8. Conclusion
The rapid urbanization in Africa continues to drive the NCD epidemic, increas-
ing vulnerability of individuals, threatening development and sustainability of 
African cities. To mitigate this rising threat - effective evidence-informed multi-
sectoral policies are needed to address prevention and control of NCD focusing 
on the major NCD risk factors. While several countries have developed national 
strategies for NCD prevention following the global WHO NCD prevention strate-
gies, implementation of these policies is still inadequate. Thus there is need for 
governments to put more effort in strengthening implementation of these policies 
including allocation of financial and other resources to support implementation. 
NCD policies need to be integrated into urban planning to address air pollution 
as well as physical inactivity by designing and developing parks and recreational 
facilities including pedestrian and cycling tracks, zoning walk-ways where motor-
ized vehicles are not allowed and providing incentives for the non-use of motorized 
vehicles. Fiscal policies and regulatory measures to restrict unhealthy food envi-
ronment in urban areas of Africa are also needed to curtail the ever growing food 
marketing by a burgeoning food industry.
There is need to strengthen health care systems to make them more responsive to 
NCD prevention and control. This include building capacity of health workforce on 
prevention and control of NCDs, strengthening infrastructure, providing essential 
commodities and supplies and strengthen surveillance systems to be able to plan, 
monitor, and assess the effects of NCDs on population health and monitor the per-
formance of interventions. A good balance of investment is required for the delivery 
and coordination of both curative and preventive and promotive services to avert 
the NCD disease burden. Countries need to explore various models of partnership 
with private sector partners aimed at scaling up their contributions to addressing 
NCDs directly or indirectly through various multi-sectoral strategies.
There is need to strengthen primary prevention interventions at community-
levels. These interventions include early detection, active screening, case finding, 
referral and treatment and working with at-risk individuals to reduce high risk 
behavior. Expanding opportunities for early detection at the community and in 
primary health facilities could yield positive outcomes, especially through deliber-
ate implementation of task shifting and task sharing models, involving community 
health workers (CHWs), while consistently mentoring and evaluating performance 
of such a model. Further community interventions include health education and 
promotion focusing on NCD risk factors including importance of reduced alcohol 
and tobacco consumption, physical activity and decreased consumption of high-
calorie foods and highly processed foods while increasing consumption of fruits and 
vegetables. Some evidence exist on the potential positive results of such small-scale 
healthy food interventions utilizing platforms such as school feeding programs and 
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provided the original work is properly cited. 
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Abstract
The chapter examines the place and role of health promotion in the drive for 
sustainable and effective public health delivery in Africa. It conceptualizes health 
promotion from a multifaceted and multi-professional perspective hinged on 
the empowerment of communities and individuals to play active roles and adopt 
behaviour consistent with the goals of good health. The paper drawing on docu-
mentary data sees health promotion as critical to the achievement of health goals in 
the continent and equally reflects on the theories of health promotion, strategies for 
health promotion and challenges to health promotion in Africa. It argues that health 
promotion in the continent can be strengthened through such measures as appro-
priate legislations, robust funding, gender inclusiveness, stepping up research, 
regular needs assessment and evaluation, setting needs-driven priorities and build-
ing capacity of health promotion to target vulnerable and marginal members of the 
society, among others.
Keywords: health promotion, public health, challenges, Africa, health education, 
theories
1. Introduction: conceptualizing health promotion
According to Tannahill [1], health promotion is an umbrella term covering 
overlapping fields of health education, prevention and attempts to protect public 
health through social engineering, legislations, fiscal measures and institutional 
policies which entail the combination of the best in terms of both theory and 
practice from a wide range of expert groups (educationists, behavioral scien-
tists, medical practitioners) and non-professionals including the communities 
involved. For him, health promotion stems largely from a new focus for health 
services that recognize some basic facts: many contemporary health problems are 
preventable or avoidable through lifestyle change; modern technology is a bundle 
of mixed blessings bringing both benefits and risks to health; medical technology 
is at the phase of diminishing returns (losing efficacy and connection to ordinary 
people); such non-medical factors as better nutrition, improved living conditions 
and public health measures have contributed to both health and longevity even 
more than medical measures; that doctors can cause as well as cure disease; and 
increasing public desire to attain better or improved quality of life and at the 
same time demystifying and demedicalising the attainment (achievement) of 
good health [1].
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According to Tannahill [1], health promotion is an umbrella term covering 
overlapping fields of health education, prevention and attempts to protect public 
health through social engineering, legislations, fiscal measures and institutional 
policies which entail the combination of the best in terms of both theory and 
practice from a wide range of expert groups (educationists, behavioral scien-
tists, medical practitioners) and non-professionals including the communities 
involved. For him, health promotion stems largely from a new focus for health 
services that recognize some basic facts: many contemporary health problems are 
preventable or avoidable through lifestyle change; modern technology is a bundle 
of mixed blessings bringing both benefits and risks to health; medical technology 
is at the phase of diminishing returns (losing efficacy and connection to ordinary 
people); such non-medical factors as better nutrition, improved living conditions 
and public health measures have contributed to both health and longevity even 
more than medical measures; that doctors can cause as well as cure disease; and 
increasing public desire to attain better or improved quality of life and at the 
same time demystifying and demedicalising the attainment (achievement) of 
good health [1].
Public Health in Developing Countries - Challenges and Opportunities
52
For the World Health Organization (WHO), health promotion is essentially 
about engendering a context in which the health and well-being of whole popula-
tions or groups are owned mainly by the people concerned, i.e., enabling citizens 
of local communities to achieve political control and determination of their health 
[2, 3]. Therefore, health promotion goes beyond mere healthcare but puts health on 
the policymaking agenda in all sectors and at all levels, directing policymakers to 
be cognisant or conscious of the health consequences of their decisions and accept 
responsibilities for health.
Health promotion can be seen as the whole process of enabling or empowering 
people to increase control over and improve their overall health. It focuses on creat-
ing awareness of health issues, engendering behaviour modification consistent with 
prevention and attitudes to ill health and motivating increased usage of available 
health facilities. In the pursuit of good health (physical, mental and social well-
being), individuals and groups through health promotion are enabled to identify 
and realize aspirations, satisfy needs and change or cope with the environment in 
manners consistent with complete good health.
Health promotion is expected to contribute to programme impact by enabling 
prevention of disease, reduction of the risk factors or behaviors associated with 
given diseases, promoting and fostering lifestyles and conditions that are conducive 
to good health and enabling increasing use of available health facilities. Therefore, 
health promotion creates both the awareness and conscientisation that leads to dis-
ease prevention, control of health situations and usage of health services and facili-
ties. It implies individual and collective control and participation in health focusing 
on behavioral change, socio-economic lifestyles and the physical environment.
Without doubt the WHO’s Ottawa Charter definition of health promotion is very 
comprehensive and encompasses the core values and guiding objectives of health 
promotions [3]. It summarily sees health promotion as the process of enabling 
people to increase control over and improve their health. In line with the above defi-
nition, Macdonald and Davies [4] contend that it calls attention to the critical role 
of the concepts of process and control as the real essence of health promotion. For 
them, “the key concepts in this definition are ‘process’ and ‘control’, and therefore 
effectiveness and quality assurance in health promotion must focus on enablement 
and empowerment. If the activity under consideration is not enabling and empow-
ering it is not health promotion” [4], p. 6.
As the burgeoning literature on health promotion over the years indicate it is a 
community-driven (inspired), multifaceted and multidisciplinary area of concern 
that also involves critical sociopolitical, economic and environmental elements and 
dynamics (see [4, 5–10]).
It is important to also understand that even though one can make a distinc-
tion between public health and health promotion, in reality both are intercon-
nected and hardly practically separable. In other words, public health is built on 
health promotion and health promotion is imperative for public health delivery. 
As has been argued, public health “is synonymous with health promotion in 
that it aims to implement co-ordinated community action to produce a healthier 
society” [11], p. 315.
There is no gainsaying the fact that health promotion nowadays has an over-
whelming sociopolitical component that is really definitive. In fact, as has been 
posited, “health promotion activities are by their nature inherently politically based 
and driven, thus making it impossible to divorce them from the political arena” 
[11], p. 314. Health promotion becomes a dynamic area of interface between public 
policy institutions (the state and its agencies), the public (community/people) and 
the professionals (ranging from the media professionals, public health advocates, 
social workers to medical practitioners).
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The chapter depended on the desk review of extant literature and documents 
for its information. The main exclusionary criteria in this regard were materials not 
related to health promotion and materials published before 1984, which were consid-
ered extreme-dated. The inclusive criteria were determined by such concepts as pub-
lic health, public health in Africa, health promotion, health education and awareness 
and theories and models in health promotion. Such prominent Internet information 
sites like the WHO, American Public Health Association (APHA), Health Resources 
and Services Administration (HRSA) and the Universitats Bibliothek Leipzig (UBL) 
Online Resources were utilized in gathering materials for the chapter.
2. Theories and models of health promotion
There is no gainsaying the fact that effective and result-oriented health promo-
tion practice depends on sound theory [12]. In other words, theory becomes very 
informative of health promotion practice and activities. In recognition of the above, 
one would examine briefly the main theories that have implicated health promotion 
globally. It is important, however, to state here that the choice of a theory or model 
to guide health promotion should be determined largely by the specific nature of 
the health issue being addressed, the community or population in view and the 
sociopolitical context in question. This is because theories and models are simply 
used in practice in order to plan health programmes, explain and understand health 
behaviour as well as underpin the identification of appropriate intervention and 
implement such intervention in ways that are both effective and sustainable.
Despite a plethora of theories and models utilized in health promotion, I will 
only focus on five of the most popular and commonly used. These are ecological 
models of health promotion, the Health Belief Model (HBM), Stages of Change 
Model or the Trans-theoretical Model, Theory of Reasoned Action or Planned 
Behaviour and the Social Cognitive Theory.
2.1 The ecological models of health promotion
As the name implies, these models focus on the interaction of people with their 
physical and sociocultural environments. The approach thus recognizes that there 
are multiple levels of influence on health and health behaviour especially the health 
seeking behaviour and choices that people make. The ecological models are anchored 
on five overriding influences which determine and guide health behaviour and 
response to health issues [13–16]. These influences are intrapersonal or individual 
factors (these impact on individual behaviour, e.g., beliefs, knowledge, attitude, 
etc.); interpersonal factors (these are produced through living with and interact-
ing with other people, e.g., family, friends and social groups/networks; these other 
people can function as both the source of solidarity and support as well as sources of 
barriers and constraints to health-promoting behaviour of the individual, e.g., dwell-
ing among chronic smokers or having intense interaction with them may expose 
one to the dangers of either smoking or the influence of second-hand smoke); 
community factors (these make reference to social norms that are shared by groups 
or communities, and such norms whether formal or informal can influence health 
behaviour and health seeking behaviour of the individual and group members, e.g., 
relationship between institutions, groups and organizations); institutional factors 
(policies, rules, regulations and institutional structures that may constrain or even 
promote healthy behaviour in a given society, e.g., the workplace and voluntary 
organizations to which the individual belongs are prime examples); public policy 
factors (policies at different level of governance that regulate, structure or support 
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For the World Health Organization (WHO), health promotion is essentially 
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tions or groups are owned mainly by the people concerned, i.e., enabling citizens 
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[2, 3]. Therefore, health promotion goes beyond mere healthcare but puts health on 
the policymaking agenda in all sectors and at all levels, directing policymakers to 
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being), individuals and groups through health promotion are enabled to identify 
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manners consistent with complete good health.
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prevention of disease, reduction of the risk factors or behaviors associated with 
given diseases, promoting and fostering lifestyles and conditions that are conducive 
to good health and enabling increasing use of available health facilities. Therefore, 
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ease prevention, control of health situations and usage of health services and facili-
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that it aims to implement co-ordinated community action to produce a healthier 
society” [11], p. 315.
There is no gainsaying the fact that health promotion nowadays has an over-
whelming sociopolitical component that is really definitive. In fact, as has been 
posited, “health promotion activities are by their nature inherently politically based 
and driven, thus making it impossible to divorce them from the political arena” 
[11], p. 314. Health promotion becomes a dynamic area of interface between public 
policy institutions (the state and its agencies), the public (community/people) and 
the professionals (ranging from the media professionals, public health advocates, 
social workers to medical practitioners).
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actions and practices targeted at health outcomes like disease prevention policies and 
structures enabling early detection, control or response and management of health 
crisis in the society; these stem from the position of the government and are critical 
in achieving the goals of public health delivery) (Figure 1).
As the above pyramid, suggests the individual, interpersonal and community 
factors are at the base. These factors therefore exert more influence and pressure over 
the individual’s health behaviour than the institutional and public policy factors as 
these are more important. In other words, the institutional and public policy factors 
are literally far from the individual and do not exert as much pressure on his behav-
iour as those factors that are very close to him both spatially and otherwise. In an age 
of increasing pessimism in government, people are much driven by interpersonal and 
community factors than what comes from a typical further off entity.
Given the above, it is obvious that the ecological approach is very pertinent in 
the understanding of the range of factors that influence people’s health. Its main 
strength is that it can provide what is called a complete perspective on factors that 
affect health behaviour and response to health issues especially the role of social and 
cultural factors or normative patterns on health in the society. It is perhaps very well 
suited to health intervention and practice in developing societies with an overbearing 
influence of sociocultural factors on behaviour, attitudes and practice of the people.
2.2 The health belief model (HBM)
This is a theoretical model that has been found useful in guiding both health 
promotion and strategies for disease prevention. As the name suggests, it focuses 
on individual beliefs about specific health conditions which predict or direct 
individual health behaviour [17, 18]. The specific components of this belief that 
influence health behaviour include perceived susceptibility to the disease; per-
ceived severity of the disease in question; perceived benefits of action (positive 
benefits of such action) as well as cues to action (awareness of factors that engen-
der action); self-efficacy (belief that action would lead to success); and perceived 
barriers or obstacles to action (especially if such obstacles are seen as daunting or 
insurmountable or otherwise).
Figure 1. 
Ecological models of health promotion (simplified).
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In the utilization of the HBM in health promotion, there are five main action-
related segments that would help in identifying key decision-making points and 
thus facilitate the utilization of knowledge in guiding health intervention. These 
are: collection of information (through needs assessments; rapid rural appraisal, 
etc. in order to determine those at risk of the disease or affliction and specify 
which population or component of the population to be targeted in the interven-
tion); conveying in unambiguous and clear terms the likely consequences of the 
health issue in question and its associated risk behaviors in order to facilitate a clear 
apprehension of its severity; communication (getting information to the target 
population on the recommended steps to take and the perceived or likely benefits of 
the recommended action); provision of needed assistance (help the people in both 
the identification of and reduction of barriers or constraints to action); and demon-
stration (actions and activities that enable skill development and support aimed at 
enhancing self-efficacy and increased chances of successful behaviour modification 
targeted at the health issue in question) (Figure 2).
In Africa, the HBM has been very useful in understanding people’s response 
and behaviour to HIV/AIDS and other chronic diseases. Being a society very 
flushed with beliefs, the degree of responsiveness to a health situation is often the 
direct product of a set of beliefs held by the individual and/or by his immediate 
community.
2.3 Stages of change model (aka trans-theoretical model)
This model is focused on examining and explaining the individual’s readiness 
to change his behaviour and sees such change as occurring or happening in succes-
sive stages. It therefore adopts a quasi-evolutionary framing of behaviour change in 
which behaviour change, sustenance and termination are encompassed in six stages. 
These stages are pre-contemplation (existence of no intention to take any action by 
the individual); contemplation (thinking about taking action and ruminating on 
Figure 2. 
Health belief model (HBM).
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plans to do this soon); preparation (signifies intention to take action and includes the 
possibility that some steps or preliminary steps to action have been taken already); 
action (discernible change in behaviour for a brief period of time); maintenance 
(sustenance of the action taken; behaviour change that is maintained in the long run 
or long-term behaviour change); and termination (the expressed and discernible 
desire never to return to prior negative behaviour by the individual concerned).
The above stages are very important in planning behaviour change or modifica-
tion and recognize that behaviour change is both gradual and takes time. What is 
needed from the health promoter is that at each of these stages specific interven-
tions or programmes are devised to help the individual progress to the next stage. 
Also, the recognition that the model may in reality be cyclical rather than lineal, 
i.e., individuals may progress to the next stage or even regress to previous or lower 
stages, is important in planning health promotion interventions utilizing this 
model. It also calls attention to understanding that there are individual differences 
in the adoption of change, i.e., some people may be swift in behaviour modification, 
while others may take longer time; but each needs support in order to pull through.
2.4 Theory of reasoned action (theory of planned action)
The main contention of this theory is that an individual’s health behaviour 
is usually determined by his intention to exhibit or display a given behaviour. 
Therefore, the intention to exhibit a given behaviour (or behaviour intention) is 
predicated upon or predicted by two main factors, viz. personal attitude to the 
behaviour in question and subjective or personal norms (an individual’s social and 
environmental context and the perception the individual has over that behaviour) 
related to that behaviour.
The basic assumption here is that both positive attitudes and positive subjective 
norms will generate greater perceived control of behaviour and increase the chances 
of intentions towards changes in behaviour. The theory generally provides informa-
tion that can be used in predicting people’s health behaviour and thus in planning 
and driving through health interventions. It anchors in recognizing the predictors 
of behaviour-oriented action and the need for supportive social and environmental 
contexts that facilitate and sustain desirable health behaviour.
2.5 The social cognitive theory (SCT)
This theory combines both the cognition of the individual and the social context 
of the individual in offering explanation and understanding of health behaviour 
and response. It seeks to describe the influence of the experience of the individual, 
his perception of the actions of other people near him and the factors in the person’s 
immediate environment on health behaviour of the individual. It moves from this 
general perspective to provide opportunities for social support (defined as condu-
cive to healthy behaviour) and reinforcements that generate behaviour change or 
modification. In this sense, the SCT depends on the idea of reciprocal determinism 
which denotes the continuing or uninterrupted interaction among the person’s 
characteristics, his behaviour and the social context or environment in which the 
behaviour takes place.
However, the best way to appreciate the SCT is to examine the main components 
the theory isolates as related to behaviour change at the individual level. These are self-
efficacy (belief in one’s ability to control and execute behaviour within a given con-
text); behaviour capability (thorough comprehension of behaviour and the ability to 
exhibit or perform it); expectations (outcomes or outputs of the behaviour change in 
question); expectancies (the assignation of value to the above outcome of behaviour 
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and which is important in sustaining the behaviour); self- control (the regulation 
and monitoring of behaviour of the individual); observational learning (the act of 
watching others performing the desired behaviour and the outcomes therein as well 
as modeling that behaviour in question); and reinforcements (incentives and rewards 
seen as eliciting, encouraging and sustaining behaviour change in the individual) [19].
The three components as the above diagram shows reinforce each other and in 
the process condition and determine behaviour of the individual even in the context 
of health as well as choices made therein (Figure 3). The SCT is very pertinent in 
contexts where desirable health outcomes can be achieved by behaviour modifica-
tion or change. For instance, certain chronic diseases or health conditions can be 
tackled through healthy lifestyles and dieting that reduce risk factors and chances 
of individuals succumbing to such conditions. Therefore, the theory can help frame 
intervention programmes in this area that focus on changing people’s behaviour and 
in the process achieve desirable health outcomes.
Theories and perspectives or models as already indicated are critical in providing 
explanations of a problem or issue (broadening our understanding and perspective 
as it were) and also very important in the effort to tackle a given problem or issue 
in the society especially by way of developing and implementing programmes and 
interventions. Perhaps, the above underscores why some scholars [20–22] would 
highlight the difference between the so-called theories of the problem and theories 
of action, meaning that while the former aids our apprehension of a given issue or 
social reality, the latter is important in terms of taking actions or evolving activities 
to tackle the issue in question.
3. Health promotion as sociopolitical engagement
Health promotion generally implicates a huge element of politics and power 
dynamics in the sense that only political will and cognition can build discernible 
changes in health. Lobbying and advocacy are critical tools of health promotion 
and function within the political arena. The sociopolitical contexts and influences 
are especially recognizable in the public health sector in the developing world 
where political will and doggedness are often necessary to drive through even the 
most salutary change or innovation in the health sector. Also, political forces are 
equally dominant in the provision of crucial health infrastructure and facilities as 
Figure 3. 
Illustration of the social cognitive theory (SCT).
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contexts where desirable health outcomes can be achieved by behaviour modifica-
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well as the reasonable funding demanded by any effective public health system. As 
Harrison opines health promotion “requires concerted, sophisticated and integrated 
political action to bring about change and requires professionals concerned with 
public health to engage with the politics of systems and organizations” [5], 165.
Therefore, health promotion seeks to empower and transform communities by 
getting them involved in activities that influence public health especially through 
agenda setting, lobbying and advocacy, consciousness raising and social educa-
tion [11, 22]. All these are accomplished on terms that are either defined or strictly 
affected by the socio-economic realities of the people themselves. By its emphasis 
on the community, health promotion has a heavy sociological frame that prioritizes 
the values of society as well as mobilization and solidarity in the quest for good and 
sustainable health. It thus makes assumption that individual members of the society 
would give equal weight to their own health and the health of their neighbors. In 
other words, it is often anchored on the uncanny assumption that the health of the 
individual member of a given society is intertwined with the health of the com-
munity as a collective. This means the reference point of health promotion is that 
one’s health is as good as the health of the members of the community or society as 
a whole, i.e., common health destiny. Therefore, such things as community empow-
erment, community competence and overwhelming sense of community are all 
apprehended as contributing to the health of the communities [23].
4. Approaches to health promotion
Traditionally there are five approaches utilized in health promotion. These are 
medical (the focus here is to make people free from medically defined diseases and 
afflictions; it is mainly anchored on prevention strategies and the role of the medi-
cal practitioner or expert in ensuring that the patients comply with recommenda-
tions); behavioural change (behaviour modification approach that recognizes that 
people’s behaviour and lifestyles can be changed in order to enable them attain 
good health, i.e., facilitate adoption of healthy lifestyle); educational (provision of 
information and knowledge that enable understanding of health issues and build 
awareness for informed decision-making and choice among people); client-centred 
(in this situation health practitioners work with clients in order to identify what 
they know about a given disease and take appropriate action; emphasis on perceiv-
ing the client as equal and building the clients self-empowerment that enable them 
make good choices and control their health outcomes); and societal change (the 
focus here is on the society or community rather than the individual and seeks to 
change or modify both the physical and social environments in order to make them 
consistent with or conducive to good health).
The conventional health promotion methods (modes of operationalizing health 
promotion and achieving its goals) include health education (the conscious and 
systematic effort at providing education or knowledge to people on particular and 
general aspects of health; it is about enabling people through proper and right 
knowledge on what to do and how to do it; it is empowering and improving people’s 
capacity to act with regard to their health issues and conditions), information, 
communication (the above three are often captured in the popular acronym IEC), 
social mobilization, mediation, community theater and advocacy and lobbying. 
However, while these methods are okay in differing contexts, a decision on the 
specific medium to use should be guided by both environment (community condi-
tions) and the nature of the health issue involved. The use of more than one method 
in any given case is highly recommended especially in Africa where there are broad 
inequalities in access to social goods and the media. The increasing use of social 
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media especially among young Africans calls attention to their deployment equally 
in core health promotion. Social media platforms like WhatsApp and blogs can be 
very potent in this regard.
5. Health promotion research in Africa
There is an undeniable need to give high priority to health promotion 
research in Africa. Such research should aim at enabling a realistic and focused 
achievement of the goals of health promotion. Broadly, health promotion aims 
inter alia at:
• The prevention of communicable and non-communicable diseases
• The reduction of risk factors associated with diseases
• The fostering of lifestyles and conditions in the general population that are 
consistent with overall well-being or good health
• The effective/maximal utilization of existing health services and stimulating 
demand for others where/when necessary
According to the WHO [24] Health Promotion Strategy for the African Region, 
the contributions of health promotion to the achievement of health objectives 
include increasing individual knowledge and skills especially through IEC; 
strengthening community action through the use of social mobilization; enabling 
the emergence of environments supportive and protective of health by making 
optimal use of mediation and negotiation; enabling the development of public 
policies, legislation and fiscal controls which enhance and support health and 
overall development using advocacy and lobbying; and making prevention and 
consumer needs the core focus of health services delivery. All these can be posi-
tively influenced by research and studies which evaluate the effectiveness of what 
has been done as well as explore new strategies suitable to the socio-environmental 
context in question.
However, while research is very critical to achieving the goals of health promo-
tion, it should be concise and focus essentially on the priority health programmes 
which have been identified by the WHO for the continent. Some of such pro-
grammes include the Global Fund for Malaria, HIV/AIDS and Tuberculosis, 
Immunization, Mental Health, the Tobacco Free Initiative and Reproductive 
Health as well as the fight against recurrent scourge of Ebola, etc. Such research 
should focus on identifying effective health promotion approaches and com-
munication media to embody and convey the outcomes to communities through 
community participation; the extent or effectiveness of these means and seeking 
to still improve overall programme effectiveness and sustainability. Therefore, 
health promotion research should focus on ascertaining goals/outcomes of health 
promotion (to guide policy), provide reliable conditions associated with these 
outcomes or goals, precisely define the changes intended and delineate reliable 
mechanisms and indicators of M and E of health promotion strategies in specific 
country/community contexts.
The importance of research is essentially derived from the fact that it calls atten-
tion to the need for verification and evidence-based activities in health promotion. 
These are without doubt the ways of knowing if real empowerment and enabling 
has been achieved in the process. Thus,
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well as the reasonable funding demanded by any effective public health system. As 
Harrison opines health promotion “requires concerted, sophisticated and integrated 
political action to bring about change and requires professionals concerned with 
public health to engage with the politics of systems and organizations” [5], 165.
Therefore, health promotion seeks to empower and transform communities by 
getting them involved in activities that influence public health especially through 
agenda setting, lobbying and advocacy, consciousness raising and social educa-
tion [11, 22]. All these are accomplished on terms that are either defined or strictly 
affected by the socio-economic realities of the people themselves. By its emphasis 
on the community, health promotion has a heavy sociological frame that prioritizes 
the values of society as well as mobilization and solidarity in the quest for good and 
sustainable health. It thus makes assumption that individual members of the society 
would give equal weight to their own health and the health of their neighbors. In 
other words, it is often anchored on the uncanny assumption that the health of the 
individual member of a given society is intertwined with the health of the com-
munity as a collective. This means the reference point of health promotion is that 
one’s health is as good as the health of the members of the community or society as 
a whole, i.e., common health destiny. Therefore, such things as community empow-
erment, community competence and overwhelming sense of community are all 
apprehended as contributing to the health of the communities [23].
4. Approaches to health promotion
Traditionally there are five approaches utilized in health promotion. These are 
medical (the focus here is to make people free from medically defined diseases and 
afflictions; it is mainly anchored on prevention strategies and the role of the medi-
cal practitioner or expert in ensuring that the patients comply with recommenda-
tions); behavioural change (behaviour modification approach that recognizes that 
people’s behaviour and lifestyles can be changed in order to enable them attain 
good health, i.e., facilitate adoption of healthy lifestyle); educational (provision of 
information and knowledge that enable understanding of health issues and build 
awareness for informed decision-making and choice among people); client-centred 
(in this situation health practitioners work with clients in order to identify what 
they know about a given disease and take appropriate action; emphasis on perceiv-
ing the client as equal and building the clients self-empowerment that enable them 
make good choices and control their health outcomes); and societal change (the 
focus here is on the society or community rather than the individual and seeks to 
change or modify both the physical and social environments in order to make them 
consistent with or conducive to good health).
The conventional health promotion methods (modes of operationalizing health 
promotion and achieving its goals) include health education (the conscious and 
systematic effort at providing education or knowledge to people on particular and 
general aspects of health; it is about enabling people through proper and right 
knowledge on what to do and how to do it; it is empowering and improving people’s 
capacity to act with regard to their health issues and conditions), information, 
communication (the above three are often captured in the popular acronym IEC), 
social mobilization, mediation, community theater and advocacy and lobbying. 
However, while these methods are okay in differing contexts, a decision on the 
specific medium to use should be guided by both environment (community condi-
tions) and the nature of the health issue involved. The use of more than one method 
in any given case is highly recommended especially in Africa where there are broad 
inequalities in access to social goods and the media. The increasing use of social 
59
Health Promotion and Its Challenges to Public Health Delivery System in Africa
DOI: http://dx.doi.org/10.5772/intechopen.91859
media especially among young Africans calls attention to their deployment equally 
in core health promotion. Social media platforms like WhatsApp and blogs can be 
very potent in this regard.
5. Health promotion research in Africa
There is an undeniable need to give high priority to health promotion 
research in Africa. Such research should aim at enabling a realistic and focused 
achievement of the goals of health promotion. Broadly, health promotion aims 
inter alia at:
• The prevention of communicable and non-communicable diseases
• The reduction of risk factors associated with diseases
• The fostering of lifestyles and conditions in the general population that are 
consistent with overall well-being or good health
• The effective/maximal utilization of existing health services and stimulating 
demand for others where/when necessary
According to the WHO [24] Health Promotion Strategy for the African Region, 
the contributions of health promotion to the achievement of health objectives 
include increasing individual knowledge and skills especially through IEC; 
strengthening community action through the use of social mobilization; enabling 
the emergence of environments supportive and protective of health by making 
optimal use of mediation and negotiation; enabling the development of public 
policies, legislation and fiscal controls which enhance and support health and 
overall development using advocacy and lobbying; and making prevention and 
consumer needs the core focus of health services delivery. All these can be posi-
tively influenced by research and studies which evaluate the effectiveness of what 
has been done as well as explore new strategies suitable to the socio-environmental 
context in question.
However, while research is very critical to achieving the goals of health promo-
tion, it should be concise and focus essentially on the priority health programmes 
which have been identified by the WHO for the continent. Some of such pro-
grammes include the Global Fund for Malaria, HIV/AIDS and Tuberculosis, 
Immunization, Mental Health, the Tobacco Free Initiative and Reproductive 
Health as well as the fight against recurrent scourge of Ebola, etc. Such research 
should focus on identifying effective health promotion approaches and com-
munication media to embody and convey the outcomes to communities through 
community participation; the extent or effectiveness of these means and seeking 
to still improve overall programme effectiveness and sustainability. Therefore, 
health promotion research should focus on ascertaining goals/outcomes of health 
promotion (to guide policy), provide reliable conditions associated with these 
outcomes or goals, precisely define the changes intended and delineate reliable 
mechanisms and indicators of M and E of health promotion strategies in specific 
country/community contexts.
The importance of research is essentially derived from the fact that it calls atten-
tion to the need for verification and evidence-based activities in health promotion. 
These are without doubt the ways of knowing if real empowerment and enabling 
has been achieved in the process. Thus,
Public Health in Developing Countries - Challenges and Opportunities
60
Health promotion is about enabling people to improve their health; and secondly, 
evidence relevant to health promotion should bear directly on factors that support 
or prevent enablement and empowerment (determinants of health) activities that 
support enablement and empowerment (health promotion) and assessing whether 
these activities have been successful (evaluation of health promotion). [25], p. 357
The above clearly suggest that health promotion should be anchored on evidence 
or should rest on experience and reality regarding what works or what is possible 
and effective in any context. In this manner, “evidence-based health promotion 
involves explicit application of quality research evidence when making decisions” 
[26], p. 126. Research is even more foundational in health promotion since health 
promotion efforts need to be anchored on agreed definitions and values of health 
promotion. As Seedhouse contends the failure to be explicit about definitions and 
values generates conceptual confusion in research as well as sloppy practice [27].
The evaluation of health promotion which should be a core research activity 
may be based on the three main forms of evidence/knowledge associated with 
health promotion [28]: instrumental (controlling social and physical environ-
ments), interactive (understanding of diseases/health issues; lived experiences; 
solidarity) and critical (reflection and action; raising consciousness regarding 
causes and means of overcoming them). These three evidences are anchored on the 
given scientific/philosophical traditions, viz. instrumental (positivism, quantita-
tive, experimental, scientific knowledge), interactive (constructivist, naturalistic, 
ethnographic/qualitative knowledge) and critical (materialist, structural and 
feminist theory).
There is also an overwhelming need for health promotion research to be aware 
of the difference between health promotion outcomes and health outcomes. Health 
outcomes crudely imply the consequences or benefits of healthcare delivery (e.g., 
reduction of mortality rate) related to a disease (which may be the case in spite of 
an increment in number of those affected by the disease). But health promotion 
outcomes signify the form of control and attitudinal re-orientation groups and indi-
viduals adopt in facing a given disease which may impact on the number of people 
affected by the disease and improve attitudes and behaviour towards those affected 
by the disease. Health promotion outcomes can be seen directly through community 
members’ perception and interpretations of a given health issue which makes the 
achievement of control possible.
Health promotion research should utilize both quantitative and qualitative 
methods. In addition to complementing quantitative methods in health promo-
tion research, qualitative research enables the researcher reach the heart of issues 
in engagement with community members. In Africa, where a good percentage of 
the population are still domiciled in the rural areas, qualitative approach offers the 
possibility of profound insights into the why and how of health behaviors which 
may not be possible or easily achieved with the quantitative or traditional biomedi-
cal approaches. As a result, “the increasing popularity of qualitative methods is 
as a result of perceived failure of traditional methods to provide insights into the 
determinants – both structural and personal – of whether people pursue or do not 
pursue health-promoting actions” [25], p. 359.
6. Challenges to health promotion in Africa
It is important to recognize that in spite of apparent good intentions, health 
promotion can actually generate negative or counterproductive effects when not 
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well managed. Thus, “negative outcomes occur where professionally paternalistic 
and disempowering health policy decisions force health-related outcomes that are 
irrelevant to sustained community development and are not based on or resourced 
according to the social reality of the community” [11], p. 315. The above senti-
ments caution one against embarking on health promotion activities and initiatives 
that are not anchored on the health realities of the community concerned. Often, 
overzealous health professionals unintentionally betray the health priorities of com-
munities by assuming knowledge of all there is to know about the health situations 
and needs of the people.
Perhaps a critical shortfall of some health promotion activities and processes is 
the adoption of what can be termed the pathogenic paradigm which over-relies on 
risk instead of emphasizing protective mechanisms. This essentially entails a focus 
on the failure of communities and individuals to avoid disease or their apparent 
susceptibility to diseases instead of seeking to unleash their potential and capacity 
to engender and sustain good health and development. It is an approach that relies 
too much on health practitioners and experts and hardly gives voice to the people 
and their own knowledge cum realities.
Generally health promotion in Africa suffers from some of the debilitating chal-
lenges which confront the practice of health promotion broadly in many countries 
in the continent. These challenges, among others, include:
• Poor definition and rudimentary elaboration of expected health outcomes
• Ambiguous elaboration of factors and conditions to be targeted in health 
promotions
• Ambiguity of health promotion policies and guidelines
• Lack of capacity (or inadequate capacity) to develop, implement and evaluate 
health promotion programmes
• A general context of inadequate investment in health promotion
• Underdeveloped sectoral collaboration
• Low political will and commitment to health promotion programmes as well as 
institutional corruption and resource mismanagement
The above challenges have implications for research in health promotions in 
the continent. There is no gainsaying the need for health promotion to be evidence 
based because essentially it is the only way to make it responsive to the health needs 
and interests of the people.
7. Resituating and reinforcing health promotion in Africa
Health promotion combines varied but complementary indicators like legisla-
tion, health finance including fiscal measures and taxation, gender inclusiveness, 
mapping of priorities and organizational change. In spite of their differences, these 
issues are in reality intertwined or systematically connected in the sense that, for 
the public health system to function well and optimally, there should be a synergy 
between these indicators. Briefly:
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7.1 Legislation
This revolves around having the political will to make and drive through policies 
and laws that improve and sustain healthcare delivery. It also involves public health sec-
tor governance and leadership which aim at ensuring that only competent and qualified 
people lead the sector and that activities are governed by a democratic and free process 
which place emphasis on human rights, dignity and self-worth of all stakeholders.
7.2 Finance
Without doubt efficient health promotion and by implication the entire health 
delivery system cannot function without finance. In fact, the extent and impact of 
health promotion depend to a significant extent on the availability of funds. The 
problem of finance is especially critical in developing nations in Africa where politi-
cal corruption and competing needs whittle down whatever gets to health from the 
yearly appropriation of government. However, there is a need to understand that a 
lot needs to be done in terms of the fiscal policies in these nations in order to achieve 
the desire for good health and improved life expectancy. In other words, the process 
of fiscal policymaking and budgetary allocation should prioritize health promotion 
and health delivery in these countries.
7.3 Organizational change
There is no gainsaying the fact that the health system as a whole is dynamic 
especially so in Africa where apart from battling known ailments new ones (or 
novel presentation of the old ailments) spring up now and then. The above entails 
that the health system calls for dynamic organizational setting that is robust enough 
to deal with changes while making improvements in the system. There is apparently 
no denying the fact that health promotion as a critical component of health delivery 
would benefit from organizational change. This is particularly so in the face of the 
reality that health promotion in most of the continent is still below the expectation. 
This is not to deny that health promotion has worked well in specific instances like 
the HIV/AID scourge and maternal health. However, such grab and slash system 
which focuses on only one of such delimited issues in the system cannot be seen as 
either robust or effective in the long run.
7.4 Gender inclusiveness
There is an obvious need to ‘en-gender’ health promotion as a very critical 
issue in Africa. This would entail ensuring that those involved in health promotion 
ensure that in all key phases of health promotion (planning, implementation and 
evaluation) women and men should be equal partners and collaborators. Gender, 
in this case, while calling attention to the needs of women, should also ensure that 
the men are not left behind even in approaching health issues traditionally seen as 
the concerns of women. Typical example here is in the area of family planning or 
reproductive health which demands the active collaboration or participation of both 
men and women to achieve desired results.
7.5 Mapping of priorities
For the WHO [24], the priority interventions in Africa in respect of health 
promotions include capacity building, development of plans, incorporation of 
health promotion components in non-health sectors and strengthening of priority 
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programmes using health promotion interventions. These essentially mean pursu-
ing health promotion through capacity building, action planning, advocacy and 
multisectoral orientation. They are also in tune with relating to the determinants 
of health promotion in the continent. These include socio-economic conditions 
and physical (environment), biological, and behavioral lifestyles which impact on 
health in Africa. Countries can be encouraged to map out their priorities taking into 
consideration such factors as disease and financial burdens, threats, intervention 
tools and agencies, acuity, management capabilities, persistent challenges, etc.
8. Conclusion and recommendations
Generally, there is a need for stepping up health promotion research in Africa in 
the areas of family and reproductive health targeting such issues as VVF, antenatal 
care, diabetes, cardiovascular issues, new disease forms/resurgence of old diseases 
(including Ebola), etc. especially in terms of communicating with those who are 
marginal to the formal sector of the society or who are less privileged by virtue 
of education, economic opportunities or physical/mental challenges, etc. in both 
urban and rural contexts. Health promotion can profit from an acute awareness of 
the fact that what works in one socio-geographical setting may not work in another 
since no two societies are exactly the same. This would entail designing programmes 
that even where the general principles or goals remain the same embody recognition 
of the socio-geographical peculiarities of the society/community concerned.
Given the usual paucity of funds in the continent, it makes sense that to minimize 
cost and save time, there should be incorporation of both needs assessment and 
evaluation into ongoing health promotion activities. This approach offers a smart 
way of pursuing health promotion goals without elaborate budget.
In spite of country differences and specific structural challenges, there is a need 
to build a culture of sharing and documenting outcomes and evidences of health 
promotion between different countries and organizations. This is a step towards 
achieving the desirable goal of multinational coordination especially for infectious 
diseases and epidemics. Equally, African nations need to invest more in capacity 
building for media and theater practitioners in both private and public sectors on 
health promotion. There is no gainsaying the media’s crucial role in health informa-
tion dissemination. Actually, health promotion is largely media driven and should 
be programmed as such.
In addition to media practitioners, there should be health programme or 
intervention specific to health promotion capacity building for different cadres of 
public sector workers. Such capacity building or training should be anchored on 
acute awareness of current research trends and best practices globally. There should 
also be increased attention to the need for specific health promotion for under-
represented health issues and priority to non-communicable diseases should be 
targeted. It should also improve capacity on how to incorporate methods of targeting 
members of the society marginal or vulnerable within each country context.
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Abstract
Most of the health systems in developing countries are dysfunctional and hardly 
responsive to the needs and demands of patients. Access to a plural healthcare 
system and reports of patients abandoning western medicine for indigenous 
medicine are signs of nonresponsive health system. The major contributing factors 
are the failures of the allopathic health system to recognize that indigenous medi-
cine is a living and practised science, with its own philosophy, beliefs and practices 
developed over centuries. Indigenous communities and the patient’s worldviews are 
intertwined with indigenous traditions, practices and beliefs. While the two health 
systems, allopathic and indigenous, coexist in Africa, they must collaborate in the 
management of patients. The two systems assign different etiological explanations 
and meanings to health, disease and illness based on worldviews, epistemologies 
and methodologies developed over time. Change of mindset, attitudes and practices 
through decolonization will lead to sustainable collaboration.
Keywords: indigenous health system, indigenous healers, living science, multiplicity 
of the epistemologies, colonization and destruction of indigenous practices, 
indigenous paradigms and euro-western paradigm, decolonization processes, change 
of mindset, attitude and practices, integration, sustainable collaborations
1. Overview
“Death is a spiritual illness to eradicate physical and biological life”
After reading this chapter, the reader should be able to appreciate the need to 
interrogate the predominant Euro-western mindset, attitudes and practices, which 
have existed as the results of centuries of colonization. There should be a new 
approach which enables the reader to explore the multiplicity of epistemologies and 
worldviews to include the voices of the indigenous communities and its science, 
which tend to be referred to as witchcraft, evil and inferior practices.
The reader is challenged to critically evaluate the power and extent of the influ-
ence of Euro-western history, its culture and philosophy on practices of medicine as 
science and monolithic approach to the search for answers to illness and diseases. The 
principles of the Euro-western approach are that if you do not know it, it does not 
exist and if you do not understand it, it’s not science and therefore should be rejected. 
Their tendency is that of breaking it into pieces and flattening it to fit the mindset.
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At the end of the chapter, the indigenous and Euro-western paradigms are 
compared in terms of what counts as scientific knowledge and ways of knowing, 
including the respective value systems applied in research. The reader is expected to 
continue to search for the path which will lead to full discovery of own truth.
As for the indigenous researchers, they should be able to remove the shackles 
which chained them to Euro-western practices and change their mindset of being 
loyal followers and consumers of western developed knowledge without consider-
ing the relevance thereof in the context of time, space and place. Where the content 
is alien to community beliefs and practices, it should be analyzed and interpreted 
through the worldview of the indigenous communities.
The institutions of higher learning, and especially those entrusted with the 
responsibility of approving, awarding and granting permission to conduct research, 
should consider whether they are promoting the discovery of unreported knowl-
edge or whether they are promoting existing but unreported indigenous knowledge. 
Comments and questions from members of ethics committees, such as “Which 
methodology are you following?” and” Is there a similar approach reported in the 
literature?”, suggest that those members do not understand that an indigenous 
approach to research and to access knowledge entails a ceremony which often 
involves communication with ancestors, facilitated by indigenous healers.
It must be indicated from the onset that an indigenous health system consists of 
multiple connections which indigenous communities experience with individuals 
around them, the environment, living and nonliving beings and objects in a state of 
physical, mental and spiritual consciousness. It is the frame of reference through which 
indigenous communities and their healers see the world and interpret events, includ-
ing the diagnosis and management of illness and misfortunes in their environment.
It further exposes the reader to the existing ignorance and misunderstanding 
regarding the science behind indigenous health systems and the philosophy of 
Ubuntu applied in the management of patients in indigenous communities.
The authors strongly advocate that an environment of professional neutrality 
and open-mindedness should be the premise on which negotiations for collabora-
tion between indigenous and Euro-western health systems are conducted.
2. Background
“When the body is smarter than the brain…”
Most of the Euro-western-based social and health sciences disciplines have 
inherited the logic that when they mediate and interact with indigenous com-
munities, their disciplines constitute the gold standard [1]. This logic represents 
a colonial mindset of authority over and superiority to indigenous knowledge 
systems and is critical of any systems and science, which does not adopt or conform 
to their views of what constitutes science [2–4]. The sciences and philosophies of 
indigenous knowledge systems are labeled as witchcraft, pagan and barbaric. In the 
past this approach has resulted in representatives from indigenous communities to 
abandon their indigenous character, practices and own particular scientific reason-
ing and methodology [5, 6]. Where colonization to change indigenous practices 
failed after applying the conventional methods and means, it resorted to drastic and 
draconian actions such as banning it [7]. In order to survive the powers of colonial-
ism, it appeared that those representing indigenous health systems and knowledge 
have adapted to “a new knowledge” and experienced their environment along the 
rules of a western system [8, 9].
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Despite an increase in awareness of indigenous beliefs, forms of living and 
practices, the latter still get destroyed when they do not meet western standards. 
Destruction takes place through inquiries based on the relational realities and forms 
of knowing that are predominantly western, and anything not complying with this 
should be revised to fit the mold [9].
“Knowledge is acquired, without respect it’s a self-imprisonment”
Ways of knowing follow a particular trajectory of searching for knowledge and 
is influenced by how one relates to the source of knowledge and the people who own 
and share that knowledge. Most of our understanding of science as determined by 
western standards is about compartmentalizing knowledge as it is being discovered 
and fragmentation thereof to fit the western model while ignoring the environment 
in which it is to be applied. It is common for practitioners of western-based sci-
ence in the process of the so-called “new discoveries” of things that have existed in 
indigenous communities to disregard indigenous characters and names and rename 
them according to western concepts. Where there is poor understanding of the 
indigenous sciences, the modus operandi would be to destroy it to prevent it from 
competing with western standards. As Kaptchuk and Miller [10] explains it, west-
ern science seems not to understand that indigenous sciences do not characterize 
ways of knowing as higher and lower knowledge. The dominant Eurocentric model 
of thinking and relating to items and experiences is an attempt at homogenizing 
everything to become comprehensible [1, 11–14].
3. Indigenous health practitioners
There are different categories of indigenous health practitioners in Africa. 
Depending on the region, most of them are also known as a traditional healers, 
medicine doctors [15], etc. For our readers, an indigenous health practitioner is 
defined as someone who is recognized by the community in which she/he lives as 
a competent person to provide advice on the causation of disease, misfortunes and 
disabilities in their community and diagnose and provide treatment for both physi-
cal, spiritual and psychological conditions in individuals and the community as a 
whole [14]. The calling to become an indigenous health practitioner may manifest 
in different ways and at different ages or times in life. Some are “called” before they 
are born, while others are “called” during childhood or adulthood. Some are “called” 
through illness, while others are “called” by experiencing persistent unnatural 
occurrences in their lives such as dreams and visions of departed relatives and 
ancestors [1, 9, 15].
There are instances where the call is either not realized soon or sometimes the 
person ignored it [15]. If the “calling” is not obeyed, the person becomes ill or 
continues to suffer until he or she accepts the “calling” and enters into an appren-
ticeship with a more experienced indigenous health practitioner [12]. In South 
Africa, the process of training to become a health practitioner is called “u thwasa” 
[15]. The training period may range from a few weeks to months. During this period 
the intern/thwasana discovers his or her ancestors and means and methods in which 
they would communicate with and through him or her [9]. Visits by ancestors 
would often take place during the night, and prescriptions and directions would be 
provided on how and where to obtain treatment for the patients. Upon mastering 
the art of abiding and obedience to the ancestral spirits, a graduation function is 
organized [9].
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While the knowledge about diseases is passed on from the training supervisor to 
the intern/thwasana during apprenticeship, the knowledge of medicines, prepara-
tion and application thereof is directly communicated to the thwasana by his/her 
ancestors only. Both the trainer and thwasana closely guard these secrets from the 
ancestors [9, 15].
Indigenous health practitioners are broadly categorized according to the tech-
niques they employ and the methods of diagnosis [15]. The three main categories 
are discussed below.
3.1 Diviners
Diviners are a category of indigenous health practitioners who diagnose diseases 
and illness through divination. It’s the unique and special process of interpreting 
the message of ancestors through possessed crafted objects such as bones, shells, 
wood, etc. This category of indigenous health practitioners also possesses the spirit 
to interpret misfortune and to perform family rituals to secure the protection and 
guidance of ancestors. They represent the memories of ancestors in human form 
and establish a crucial link between humans and the supernatural [2, 16, 17].
3.2 Herbalists
Unlike diviners, this category of practitioners are predominantly ordinary 
people who have acquired an extensive knowledge of herbal medicine and the 
application of plant components such as roots, barks, leaves, oils, minerals, etc. 
in treatment. It is a category in which skills are learned and acquired without the 
involvement of ancestors. They voluntarily decided to undergo training with an 
established herbalist and then practice independently. They diagnose and prescribe 
medicines to prevent and to alleviate illness and to provide protection against witch-
craft and misfortune or evil, as well as to bring prosperity and happiness [16].
3.3 Traditional birth attendants
This category probably existed long before all other categories of health prac-
titioners. Through the centuries their services had been utilized by all humanities 
albeit as a matter of necessity due to cultural beliefs or medical conditions which 
allopathic health practitioners were not able to explain and manage, such as birth-
marks [15]. Their focus is on mother and child health, starting from conception 
right through till the child reaches the age of 5 years. The health of the nursing 
mother is managed together with that of the child. It is believed that the newborn 
will not survive unless prenatal conditions and infections that the mother may 
develop are left untreated. The traditional birth attendants are mostly elderly 
women of 60 years or older and use herbal medicines to treat their patients.
3.4 Spiritual healers/prophets/faith healers
The spiritual or faith healers and prophets have recently emerged as another 
category of indigenous health practitioners, and whether they should be recognized 
and accepted as indigenous health practitioners continues to be debated.
They use prophesy and faith in supernatural beings as the source of their power. 
A common practice among them is the use of prayer, candlelight and or water to 
heal their patients [18].
There is division within this category of indigenous health practitioners, and 
it is based largely on legitimacy and beliefs. Prophets/spiritual healers among 
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themselves differ on the legitimacy of spiritual healers based on calling and super-
natural sources of communication. One group of spiritual healers claim to have 
revelations and visions related to supernatural beings and a so-called heaven as 
their calling. This group also claim to communicate directly with God in the healing 
process and do not make use of roots and other raw plant materials to prepare tradi-
tional medicines. Instead, they use water and processed herbs to heal. However, the 
second group of spiritual healers claim to have visions of objects and people as their 
calling, similar to diviners.
4.  Convergent and divergent views between allopathic health 
practitioners and indigenous health practitioners
Apart from a few areas of possible convergence between the two health systems, 
it is the divergent views which have obstructed the development of sustainable 
collaborations between allopathic and indigenous health practitioners. Some are 
highlighted in Table 1 below.
The areas of convergence between the two systems are that both display sym-
pathy towards their patients and care about the wellbeing of their patients. In 
addition, they accept accountability for their patients’ health, work from a body of 
underlying empirical knowledge and both engage in elaborate processes of discern-
ible empiricism in their efforts to diagnose and treat their patients [16]. There is, 
however, a view among allopathic health practitioners that indigenous medicine 
in terms of its body of knowledge and practices had remained stagnant during the 
course of human evolution [19]. The irony is that much of western knowledge, 
which is vowed to be scientifically based, originated from indigenous medicine 
by selecting certain practices from the latter, subjecting it to analyses and then 
Indigenous health system Characteristics Allopathic health system
Diseases and illness are caused by 
supernatural forces (thuria) and 
for a reason
Disease/illness Disease and illness are the result of 
pathogens or physiological changes
God/supernatural powers in 
human/plant system; macro level
Source of healing/who 
heals patients









Spirits do not forget
Carried to next generation
Source of that knowledge
Memory
At death
Human, library/books and learning
Rely on memory
End of knowledge
Obedience to and compliance 
with wishes of ancestors





Investigations such as X-rays, FBC, 
examination, stethoscope, etc.





Ancestors/God Ownership of knowledge Individual
For spiritual/psychological cases Ideal For physical entities and body
aEvil spells are thought to be in a form of a small nocturnal animal, capable of causing insanity.
Table 1. 
Simplistic comparison of the two health systems.
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While the knowledge about diseases is passed on from the training supervisor to 
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3.3 Traditional birth attendants
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titioners. Through the centuries their services had been utilized by all humanities 
albeit as a matter of necessity due to cultural beliefs or medical conditions which 
allopathic health practitioners were not able to explain and manage, such as birth-
marks [15]. Their focus is on mother and child health, starting from conception 
right through till the child reaches the age of 5 years. The health of the nursing 
mother is managed together with that of the child. It is believed that the newborn 
will not survive unless prenatal conditions and infections that the mother may 
develop are left untreated. The traditional birth attendants are mostly elderly 
women of 60 years or older and use herbal medicines to treat their patients.
3.4 Spiritual healers/prophets/faith healers
The spiritual or faith healers and prophets have recently emerged as another 
category of indigenous health practitioners, and whether they should be recognized 
and accepted as indigenous health practitioners continues to be debated.
They use prophesy and faith in supernatural beings as the source of their power. 
A common practice among them is the use of prayer, candlelight and or water to 
heal their patients [18].
There is division within this category of indigenous health practitioners, and 
it is based largely on legitimacy and beliefs. Prophets/spiritual healers among 
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themselves differ on the legitimacy of spiritual healers based on calling and super-
natural sources of communication. One group of spiritual healers claim to have 
revelations and visions related to supernatural beings and a so-called heaven as 
their calling. This group also claim to communicate directly with God in the healing 
process and do not make use of roots and other raw plant materials to prepare tradi-
tional medicines. Instead, they use water and processed herbs to heal. However, the 
second group of spiritual healers claim to have visions of objects and people as their 
calling, similar to diviners.
4.  Convergent and divergent views between allopathic health 
practitioners and indigenous health practitioners
Apart from a few areas of possible convergence between the two health systems, 
it is the divergent views which have obstructed the development of sustainable 
collaborations between allopathic and indigenous health practitioners. Some are 
highlighted in Table 1 below.
The areas of convergence between the two systems are that both display sym-
pathy towards their patients and care about the wellbeing of their patients. In 
addition, they accept accountability for their patients’ health, work from a body of 
underlying empirical knowledge and both engage in elaborate processes of discern-
ible empiricism in their efforts to diagnose and treat their patients [16]. There is, 
however, a view among allopathic health practitioners that indigenous medicine 
in terms of its body of knowledge and practices had remained stagnant during the 
course of human evolution [19]. The irony is that much of western knowledge, 
which is vowed to be scientifically based, originated from indigenous medicine 
by selecting certain practices from the latter, subjecting it to analyses and then 
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incorporating some of that into allopathic settings. Very little, if any, recognition is 
given to the science and philosophy of indigenous knowledge, let alone assigning 
intellectual ownership.
From the above table, it is evident that the two health systems display differences 
in their approach to knowledge and science. These differences could be explained 
using ontology as it evolved culturally and historically over time. The allopathic 
perspective is based on western science, while indigenous medicine is based on 
indigenous sciences. Allopathic health practitioners seem to find it difficult to 
accept the indigenous sciences into their “rational” scientific framework because it 
does not fit their model.
Another difference relates to the belief of what causes disease and illness. 
Allopathic medicine associates disease and illness with invading pathogens such 
as bacteria, parasites and viruses and or physiological changes. The indigenous 
system believes that disease and illness are caused by supernatural forces. Various 
explanations are offered for “why me and now” [20–22]. It can be as a result of the 
individual’s own spiritual mishaps, provocation of ancestors by violating taboos, 
obligations or responsibilities or a mere “call” by ancestors to perform certain ritu-
als. Witchcraft and evil spells are regarded as common causes [7].
Another aspect on which the two systems differ is on what is understood to be 
science. The point of departure would be on how knowledge or empiricism as a sci-
ence is defined. Science as it is known from a western perspective in modern times is 
the accumulation of knowledge through experience/experimentation and observa-
tion, and it is stored in books or electronically [23]. In order to be educated, one has 
to read the books or access the information electronically. For this reason, allopathic 
medicine utilizes textbooks and other archived material to pass knowledge on. On 
the other hand, among indigenous health practitioners, knowledge is handed down, 
often verbally, from healer to apprentice, from one generation to the next [24, 25]. It 
provides the “paradigm” through which and by which they understand and inter-
pret their environment. The entire constellation of beliefs, values, techniques, etc. is 
shared by the members of a given community as health practices [12, 18, 26].
The two systems have a different understanding and explanation of what consti-
tutes a healthy individual and society and illness in the community. The allopathic 
health system subscribes to World Health Organization’s (WHO) definition of 
health as “a state of complete physical, mental and social wellbeing and not merely 
the absence of disease or infirmity” [27]. This definition of health is limited to an 
individual within the society and does not comply with the indigenous standard of 
health. For the indigenous communities, health is not experienced at an individual 
level. It is defined in terms of the completeness of society as a whole, connectedness 
and harmonization between the living human kingdoms/beings and their ances-
tors, animal kingdoms and environment. It values health as a system, similar to the 
human system, with different components, and each component contributes to the 
functionality and completeness to purpose [28, 29].
There is growing evidence that the two main health systems—indigenous 
and allopathic—are operating side by side in Africa [9, 30]. Depending on the 
country and history of colonization, allopathic health practitioners tend to be well 
resourced and supported by the government, while neglecting and, in some situa-
tions, suppressing indigenous health systems and its practices. At times, the lack of 
communication and the adversarial relationships between the two systems impact 
negatively on the delivery of health services to communities [31, 32]. Patients are 
receiving conflicting advice from their health practitioners. Treatment overdose 
and drug interactions are very common, and this is not surprising as the two 
systems have divergent worldviews of the causes of diseases; why, when and how 
a person becomes ill; and finally the diagnostic tools, processes and approaches to 
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management of patients [33]. Their understanding of what constitutes a diseased 
patient and or community and the healing process is largely influenced by their 
respective values and meaning of life and death. Why people get sick and why they 
should die or live longer will determine their acceptance of the outcome: death or 
recovery to health/healing. For example, if the death of a diseased individual is 
viewed as a means of joining the ancestors to provide guidance and advice to the 
living, the outcome of healing will not be considered as good and beneficial to the 
indigenous communities.
Indigenous health systems acknowledge that there are diseases and/or illness which 
infect or attack the human spirit without affecting the physical body [34]. The illness 
could be as a result of spiritual attacks by evil spirits or evil spells, demonic forces, 
ancestors’ way of communicating with an individual, family and communities. While 
western science has not accepted this concept of disease, not everything that western 
science practices and observes meet their own standard of science. For example, 
western science believes that life in human beings constitutes the coexistence of the 
physical body, spirit or soul. The existence of the spirit as part of giving life to the body 
is not based on sciences, but on a belief system which is common to all [35–37].
Indigenous science believes that the spirit, which inhabits individuals, does not 
present with physical signs and symptoms which could be detected and diagnosed 
by modern technology as employed by allopathic health systems, e.g. a stetho-
scope, diagnostic radiography (X-rays), ultrasound, computed tomography (CT) 
scans, magnetic resonance imaging (MRI) scans and nuclear medicine scans. The 
opposite is also true. There are diseases, which infect/attack the physical body 
without affecting the spiritual aspect [35, 38–40]. Allopathic practitioners are well 
resourced to diagnose and manage both that of the body and spirit. At the centre 
of the two health systems is the phenomenon of dual consultation which is being 
exercised by patients based on their preferences of health provider, accessibility 
and affordability of the services and integration of the disease management model 
with their belief systems and practices. The perception created over the years under 
colonial rule by western authorities is perpetuated with the mindset suggesting 
that patients belong to the allopathic health system with no right of choosing and 
consulting health providers other than allopathic health practitioners [4]. Failure 
to recognize indigenous worldviews and beliefs had created a crisis for allopathic 
healthcare which persists to this day [41, 42].
This is particularly evident among HIV/AIDS and TB patients who are reported 
to be abandoning western treatment in favor of indigenous remedies and practices. 
In most cases allopathic health practitioners are made aware of this, often at an 
advanced stage of treatment, when patients who have been exercising their rights 
to choose disclose that they are also receiving treatment from indigenous health 
practitioners [43–45].
Without the recognition of patients’ rights and the establishment of collabora-
tions and referrals of patients between the two systems, the postcolonial health 
system will remain dysfunctional and ineffective to fully respond to the needs of 
the indigenous communities.
5. Integration of the two healthcare systems
The point of departure should be the interrogation and understanding of the 
existing health system which was operating in communities before colonization 
and globalization of their environment [46, 47]. The definition of indigenous in 
our context refers to the root, something natural or innate (to), a way of life, living, 
beliefs and practices which is an integral part of community culture. It is embedded 
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incorporating some of that into allopathic settings. Very little, if any, recognition is 
given to the science and philosophy of indigenous knowledge, let alone assigning 
intellectual ownership.
From the above table, it is evident that the two health systems display differences 
in their approach to knowledge and science. These differences could be explained 
using ontology as it evolved culturally and historically over time. The allopathic 
perspective is based on western science, while indigenous medicine is based on 
indigenous sciences. Allopathic health practitioners seem to find it difficult to 
accept the indigenous sciences into their “rational” scientific framework because it 
does not fit their model.
Another difference relates to the belief of what causes disease and illness. 
Allopathic medicine associates disease and illness with invading pathogens such 
as bacteria, parasites and viruses and or physiological changes. The indigenous 
system believes that disease and illness are caused by supernatural forces. Various 
explanations are offered for “why me and now” [20–22]. It can be as a result of the 
individual’s own spiritual mishaps, provocation of ancestors by violating taboos, 
obligations or responsibilities or a mere “call” by ancestors to perform certain ritu-
als. Witchcraft and evil spells are regarded as common causes [7].
Another aspect on which the two systems differ is on what is understood to be 
science. The point of departure would be on how knowledge or empiricism as a sci-
ence is defined. Science as it is known from a western perspective in modern times is 
the accumulation of knowledge through experience/experimentation and observa-
tion, and it is stored in books or electronically [23]. In order to be educated, one has 
to read the books or access the information electronically. For this reason, allopathic 
medicine utilizes textbooks and other archived material to pass knowledge on. On 
the other hand, among indigenous health practitioners, knowledge is handed down, 
often verbally, from healer to apprentice, from one generation to the next [24, 25]. It 
provides the “paradigm” through which and by which they understand and inter-
pret their environment. The entire constellation of beliefs, values, techniques, etc. is 
shared by the members of a given community as health practices [12, 18, 26].
The two systems have a different understanding and explanation of what consti-
tutes a healthy individual and society and illness in the community. The allopathic 
health system subscribes to World Health Organization’s (WHO) definition of 
health as “a state of complete physical, mental and social wellbeing and not merely 
the absence of disease or infirmity” [27]. This definition of health is limited to an 
individual within the society and does not comply with the indigenous standard of 
health. For the indigenous communities, health is not experienced at an individual 
level. It is defined in terms of the completeness of society as a whole, connectedness 
and harmonization between the living human kingdoms/beings and their ances-
tors, animal kingdoms and environment. It values health as a system, similar to the 
human system, with different components, and each component contributes to the 
functionality and completeness to purpose [28, 29].
There is growing evidence that the two main health systems—indigenous 
and allopathic—are operating side by side in Africa [9, 30]. Depending on the 
country and history of colonization, allopathic health practitioners tend to be well 
resourced and supported by the government, while neglecting and, in some situa-
tions, suppressing indigenous health systems and its practices. At times, the lack of 
communication and the adversarial relationships between the two systems impact 
negatively on the delivery of health services to communities [31, 32]. Patients are 
receiving conflicting advice from their health practitioners. Treatment overdose 
and drug interactions are very common, and this is not surprising as the two 
systems have divergent worldviews of the causes of diseases; why, when and how 
a person becomes ill; and finally the diagnostic tools, processes and approaches to 
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management of patients [33]. Their understanding of what constitutes a diseased 
patient and or community and the healing process is largely influenced by their 
respective values and meaning of life and death. Why people get sick and why they 
should die or live longer will determine their acceptance of the outcome: death or 
recovery to health/healing. For example, if the death of a diseased individual is 
viewed as a means of joining the ancestors to provide guidance and advice to the 
living, the outcome of healing will not be considered as good and beneficial to the 
indigenous communities.
Indigenous health systems acknowledge that there are diseases and/or illness which 
infect or attack the human spirit without affecting the physical body [34]. The illness 
could be as a result of spiritual attacks by evil spirits or evil spells, demonic forces, 
ancestors’ way of communicating with an individual, family and communities. While 
western science has not accepted this concept of disease, not everything that western 
science practices and observes meet their own standard of science. For example, 
western science believes that life in human beings constitutes the coexistence of the 
physical body, spirit or soul. The existence of the spirit as part of giving life to the body 
is not based on sciences, but on a belief system which is common to all [35–37].
Indigenous science believes that the spirit, which inhabits individuals, does not 
present with physical signs and symptoms which could be detected and diagnosed 
by modern technology as employed by allopathic health systems, e.g. a stetho-
scope, diagnostic radiography (X-rays), ultrasound, computed tomography (CT) 
scans, magnetic resonance imaging (MRI) scans and nuclear medicine scans. The 
opposite is also true. There are diseases, which infect/attack the physical body 
without affecting the spiritual aspect [35, 38–40]. Allopathic practitioners are well 
resourced to diagnose and manage both that of the body and spirit. At the centre 
of the two health systems is the phenomenon of dual consultation which is being 
exercised by patients based on their preferences of health provider, accessibility 
and affordability of the services and integration of the disease management model 
with their belief systems and practices. The perception created over the years under 
colonial rule by western authorities is perpetuated with the mindset suggesting 
that patients belong to the allopathic health system with no right of choosing and 
consulting health providers other than allopathic health practitioners [4]. Failure 
to recognize indigenous worldviews and beliefs had created a crisis for allopathic 
healthcare which persists to this day [41, 42].
This is particularly evident among HIV/AIDS and TB patients who are reported 
to be abandoning western treatment in favor of indigenous remedies and practices. 
In most cases allopathic health practitioners are made aware of this, often at an 
advanced stage of treatment, when patients who have been exercising their rights 
to choose disclose that they are also receiving treatment from indigenous health 
practitioners [43–45].
Without the recognition of patients’ rights and the establishment of collabora-
tions and referrals of patients between the two systems, the postcolonial health 
system will remain dysfunctional and ineffective to fully respond to the needs of 
the indigenous communities.
5. Integration of the two healthcare systems
The point of departure should be the interrogation and understanding of the 
existing health system which was operating in communities before colonization 
and globalization of their environment [46, 47]. The definition of indigenous in 
our context refers to the root, something natural or innate (to), a way of life, living, 
beliefs and practices which is an integral part of community culture. It is embedded 
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in the culture and therefore tacit knowledge. It is communal, a shared form of 
knowledge achieved through experience. It is a linguistic phenomenon. This 
phenomenon serves cognitive interests of three types namely technical, moral and 
critical of own environment [48].
Due to globalization, indigenous communities have become increasingly 
exposed to foreign cultures and practices. There are no aspects of their social 
life, customary practices or traditional behavior which remained untouched. 
Communities are now living in countries without borders, and they seem to be 
short-changed by globalization and colonization. Foreign cultures and practices 
have intruded into indigenous inner self and being without respect and invaded 
their living space similar to a declaration of war against cultures that were different 
to that of the colonizers. The character and nature of globalization and colonization 
is to perpetuate the dominance of that which is being introduced to communities: 
western or foreign culture, language and health systems, including diseases against 
which indigenous communities had no innate immunity, constantly displacing 
indigenous knowledge systems of managing their patients.
For centuries, indigenous communities have maintained their dignity and 
trust in that which worked for their communities and which was gained through 
experience over many years. They rebelled against colonization and resisted to be 
mere bystanders and simply witness their indigenous norms and values to become 
extinct. With the rediscovery of self, communities are increasingly reclaiming 
their past and striving to retain their cultures and ways of knowing which were 
previously marginalized and dubbed unscientific and barbaric. This is no easy feat 
as they are split between claims of global science on the one hand and the equally 
compelling claims to recover the “African past” on the other hand.
Health systems are defined as all activities in the community which serve to 
promote, restore and maintain people’s health. In a postcolonial and globalization 
context, both the indigenous and allopathic health systems are operating side by 
side. For the two systems to function optimally, it would require the leveling of 
the playing field through decolonization of mindsets, attitudes and practices. The 
desired outcome should be the gaining of knowledge, together with acknowledg-
ment and recognition of the important role that indigenous health system plays in 
the delivery of primary healthcare services.
Globally, indigenous medicine has been declared a component of Primary Health 
Care (PHC) by the World Health Organization’s Health Promotion: Strategy for the 
African Region. The strategy recommends that different countries should promote and 
incorporate their indigenous health practitioners into healthcare systems. The imple-
mentation of the recommendation has been met with resistance and criticism from 
allopathic practitioners [9]. A significant number of indigenous communities prefer 
indigenous medicine as their first choice. Indigenous medicine has always been accept-
able, accessible, available, affordable and attainable to them. Several countries have 
adopted legislation promulgating traditional medicine initiatives. In response to the 
World Health Organization’s Health Promotion: Strategy for the African Region, South 
Africa promulgated the Traditional Health Practitioners Act [49], to establish a regula-
tory body controlling the registration and education of THPs [49]. Despite this legisla-
tion, allopathic and traditional healthcare sectors remain in conflict and disjointed. Few 
allopathic health practitioners understand the philosophy, ontology and epistemology 
of indigenous medicine, let alone accept it as scientific with its own long-standing 
experiments and standards comparable to western medicine [4, 12]. Simply stated, 
most of the allopathic practitioners are not able to free themselves from the shackles 
and deeply embedded mindsets of colonization. Because there is no true understanding 
of indigenous healthcare systems and its sciences, allopathic health practitioners do not 
want indigenous medicine to be recognized as a health science [4, 12].
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6.  Misinterpretation and misrepresentation of indigenous healthcare 
system
The introduction of Euro-western culture, practices and religious beliefs, such as 
the Christian faith, dominated and disregarded the indigenous knowledge system. 
Indigenous still remained alive among communities even though it was not recog-
nized by colonizers [4]. This had a significant impact on colonizing the minds of 
indigenous people. It enforced a change in indigenous culture, behavior, practice 
and belief. The continued alienation and exclusion of indigenous health practitio-
ners in the management of patients is largely based on a monopolistic health system, 
which recognized allopathic health systems as the only practice of health systems 
emanating from the prevailing dominant practices by allopathic health practitioners 
and the lack of respect and recognition of traditional health systems [12]. In many 
of the formerly colonized countries, indigenous healthcare systems continue to 
be regarded as less important by Eurocentric healthcare providers and funders of 
healthcare services [12]. It is often perceived as a threat to western norms of stan-
dard of healthcare and at times associated with “witchcraft”, actively discouraged 
and suppressed through powerful legislation [4].
Anecdotal actions, supported by published reports, reinforce the stereotype 
which appears to suggest that patients belong to allopathic health practitioners 
[4] and have no right to seek alternative opinions and treatment other than what 
western medicine prescribes. These actions go against the provisions of the Patient 
and Human Rights Charter in South Africa. In general, communities and patients 
are denied the power of self-determination, based on experience and informed by 
their understanding of health in their own particular context.
Most of the health training curriculums in universities and colleges do not 
expose students to the science of indigenous health systems, community belief 
systems and their particular worldviews. When confronted with patients demand-
ing alternative health services from indigenous health practitioners, allopathic 
health practitioners have the perception that such demands for pluralism would 
lower their standard of heath service provision and result in inappropriate manage-
ment of “their” patients by indigenous health practitioners through poor treatment, 
lack of compliance and a possible overdose of medication. These views of allopathic 
health practitioners have been commonly expressed to and reported by HIV/AIDS 
patients using traditional medicine concurrently with allopathic medicine.
Due to misinterpretation and misrepresentation, there is a lack of trust between 
the allopathic and indigenous healthcare sectors, which is exacerbated by a lack of 
understanding regarding the knowledge base of each sector. Allopathic healthcare 
providers simply expect indigenous health practitioners to use allopathic principles 
to treat ailments and promote health instead of indigenous practices. Throughout 
the era of colonization, and even during postcolonization in Africa, westernized 
healthcare training institutions have not incorporated traditional medicine and its 
philosophies in their curriculums. In instances where mention of indigenous health 
practices is made, it is usually done in a unilateral manner without incorporation of 
indigenous health practitioners as tutors and lecturers.
As a result, allopathic healthcare practitioners deny students the opportunity of 
exposure to the multitude of traditional health practices, among others the tradi-
tional preparation and packaging of medicines; reproductive health; indigenous 
preventative and promotive health practices; diagnostic measures; curative and 
rehabilitative practices; management of diseases and health promotion; lifestyle and 
dietary preferences; the status of women; music, ancestral drumming and dance 
and its influence on wellbeing; spirituality; types of traditional healers; traditional 
leadership; patient management; palliative care; and maternal and child health.
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in the culture and therefore tacit knowledge. It is communal, a shared form of 
knowledge achieved through experience. It is a linguistic phenomenon. This 
phenomenon serves cognitive interests of three types namely technical, moral and 
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is to perpetuate the dominance of that which is being introduced to communities: 
western or foreign culture, language and health systems, including diseases against 
which indigenous communities had no innate immunity, constantly displacing 
indigenous knowledge systems of managing their patients.
For centuries, indigenous communities have maintained their dignity and 
trust in that which worked for their communities and which was gained through 
experience over many years. They rebelled against colonization and resisted to be 
mere bystanders and simply witness their indigenous norms and values to become 
extinct. With the rediscovery of self, communities are increasingly reclaiming 
their past and striving to retain their cultures and ways of knowing which were 
previously marginalized and dubbed unscientific and barbaric. This is no easy feat 
as they are split between claims of global science on the one hand and the equally 
compelling claims to recover the “African past” on the other hand.
Health systems are defined as all activities in the community which serve to 
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6.  Misinterpretation and misrepresentation of indigenous healthcare 
system
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of the formerly colonized countries, indigenous healthcare systems continue to 
be regarded as less important by Eurocentric healthcare providers and funders of 
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western medicine prescribes. These actions go against the provisions of the Patient 
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are denied the power of self-determination, based on experience and informed by 
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Most of the health training curriculums in universities and colleges do not 
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ing alternative health services from indigenous health practitioners, allopathic 
health practitioners have the perception that such demands for pluralism would 
lower their standard of heath service provision and result in inappropriate manage-
ment of “their” patients by indigenous health practitioners through poor treatment, 
lack of compliance and a possible overdose of medication. These views of allopathic 
health practitioners have been commonly expressed to and reported by HIV/AIDS 
patients using traditional medicine concurrently with allopathic medicine.
Due to misinterpretation and misrepresentation, there is a lack of trust between 
the allopathic and indigenous healthcare sectors, which is exacerbated by a lack of 
understanding regarding the knowledge base of each sector. Allopathic healthcare 
providers simply expect indigenous health practitioners to use allopathic principles 
to treat ailments and promote health instead of indigenous practices. Throughout 
the era of colonization, and even during postcolonization in Africa, westernized 
healthcare training institutions have not incorporated traditional medicine and its 
philosophies in their curriculums. In instances where mention of indigenous health 
practices is made, it is usually done in a unilateral manner without incorporation of 
indigenous health practitioners as tutors and lecturers.
As a result, allopathic healthcare practitioners deny students the opportunity of 
exposure to the multitude of traditional health practices, among others the tradi-
tional preparation and packaging of medicines; reproductive health; indigenous 
preventative and promotive health practices; diagnostic measures; curative and 
rehabilitative practices; management of diseases and health promotion; lifestyle and 
dietary preferences; the status of women; music, ancestral drumming and dance 
and its influence on wellbeing; spirituality; types of traditional healers; traditional 
leadership; patient management; palliative care; and maternal and child health.
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Although traditional health practices are considered to be primitive and back-
ward, they continue to thrive due to its cultural importance among communities. In 
some communities, traditional healthcare practices are the only available healthcare 
services, given the prohibitive cost and inaccessibility of allopathic healthcare. It is 
estimated that to this day between 60 and 80% of patients in Africa consult indig-
enous health practitioners [41].
Despite years of colonization, the prohibition of indigenous health practices and 
its sciences, indigenous communities have not completely abandoned their ways 
of life, practices and beliefs [37]. For an outsider, this may be construed as being 
stubborn, backwards and ignorant of modern sciences and its achievements. For 
the local and indigenous communities, the allopathic health system has until now 
been unable to offer explanations for the onset of illness, the “Why me? Why now?” 
rationale which forms a crucial part of African indigenous understanding of health 
and healing [50]. In many instances the instructions by allopathic health practitio-
ners to not use and mix allopathic medicine with traditional herbs confuse patients 
and do not achieve the desired effect [33]. Patients perceive it that they are expected 
to abandon their indigenous practices and roots and become part of the western 
culture.
If parity is to be reached, the two healthcare systems should embrace plural-
ism and respect the rights of choice for all communities. All parties should 
acknowledge that globalization created contemporary societies where there are 
different and coexisting competing health systems arising from different tradi-
tions, practices and bodies of knowledge. Although pluralism is now recognized as 
a global phenomenon, its application in colonized communities seems to remain 
a pipe dream. It will remain a challenge until such time as allopathic healthcare 
practitioners and students respectively provide and receive training based only 
on a western-orientated curriculum that excludes alternative methods of care 
acceptable to the indigenous communities. The worldviews that inform the current 
curriculum for allopathic healthcare practitioners are monolistic, hospital-centred 
and disease-oriented and exclude self-care or healing. Furthermore, the curriculum 
perpetuates health disparities and power imbalances that adversely affect patient 
outcomes [4, 12, 31].
6.1 Indigenous health systems as a living science
One of the common arguments by proponents of exclusivity health systems 
is that “our value system, science of medicine and standard of care will be com-
promised if we recognize and accept indigenous health practitioners to treat our 
patients” [4].
There are three fundamental problems associated with this approach, which 
require elaboration.
Firstly, it’s the mindset and attitudes which seem to suggest that patients and 
communities are owned by health providers.
Secondly, the perception that allopathic medicine is the standard against which 
all health knowledge is measured.
Lastly, the notion that for “others” (indigenous health practitioners) to exist, 
function and be accepted by communities, it will require approval and support 
from allopathic health practitioners.
The plausible explanation for the above problems could be lack of knowledge 
and understanding of indigenous health systems and its sciences. In life, what we 
do not know or understand does not mean that it does not exist or does not make 
sense/work. It may possible mean that one does not understand and comprehend 
the whole picture and/or is not yet exposed to it.
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Indigenous health systems constitute a life force of science practised by indig-
enous health practitioners before and after colonization; It has a history, origin, 
philosophy and epistemology [51–53]. Indigenous health system has its own 
level of excellence in providing an answer to-“why me, why now”, resources, the 
dynamic that carries communities forward. Indigenous communities consider it 
as the knowledge inherent to its own identity, with its own science and technologi-
cal advances beyond physical limitations. It is an institution in its own right, with 
consumers and pioneers [51, 52].
Long before colonial rule invaded indigenous communities, indigenous health 
practitioners were developed and advanced comparable to the allopathic health 
system. This is supported by a report by a Scottish medical anthropologist who wit-
nessed the indigenous surgeons in Buganda performing a cesarean section (Figure 1).
The Scottish colonizers interacted with the indigenous communities and learnt 
from them while conducting studies through observation. It culminated in the 
publication of an article that appeared in the Edinburgh Journal of Medicine and in a 
dissertation titled “Ueber die Lage und Stellen bei der Geburt” which he submitted 
to the Marburg University in Germany in 1885 [53].
That article is now part of the Annals of Obstetrics and Gynecology history, 
describing in detail how cesarean section was performed. He gave an illustration of 
procedures and how they were carried out: anesthetics practices, aseptic measures, 
performance of the actual cesarean section, how the uterus was massaged and 
delivery progressed, the final postoperative measures and how the mother and baby 
responded were all included. From this it is evident that the procedures and the sci-
ence practised by indigenous healthcare providers at that time compared to the best 
standard of performing a cesarean section that existed in Europe.
Research reports and dissertations published by medical anthropologists in 1885 
confirmed that indigenous health practice is a field of health science practised by 
indigenous health practitioners with high ethical standard of care and value systems.
The question of what is defined as science, how it is practised and how the 
standard thereof is measured is worth exploring and explained in this context. It is 
not disputed that science is an art, a pathway and systematic process of finding solu-
tions to societal problems. There are also different pathways of knowing and finding 
solutions to problems facing communities. Different communities had explored 
different mechanisms and at different times during the development of their health-
care systems, through experimentation and testing the efficacy of their different 
Figure 1. 
Indigenous health practitioners of 18th century performing caesarean delivery.
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medicinal products, beliefs and practices. Some solutions are yet to be explored and 
discovered. Reports confirmed that indigenous health practitioners have perfected 
the art of sciences long before colonizers and missionaries introduced western 
medicine. Their processes of diagnosis and patient management are documented as 
being thorough, scientific and of comparable standard to other practices.
Despite what Felkin witnessed as being no different, in principle at least, from 
what modern doctors do, allopathic health practitioners of the twenty-first century 
do not recognize that indigenous health systems are a science and could play a sig-
nificant role in existing health systems. There are several factors which contributed 
to poor working relationship between the two systems. Key among them is the effect 
and impact of colonization, globalization and commercialization of health and 
healthcare services as a commodity. Indigenous communities were encouraged to 
abandon their practices, beliefs and sciences. High levels of suspicion and mistrust 
supported the enforcement by law that prohibited the use of indigenous medicines.
There is no doubt that the impact of colonization extended beyond politics and 
the economic life of indigenous communities, for it disorientated and destabilized 
their psychosocial interactions with reality. There are perceptions that most sci-
entific scholars raised and educated according to the western doctrine are unable 
to use their worldview to interrogate and interpret the world and environment, 
unless it meets the western worldview. They subscribe to western principles despite 
its limitations in African settings. While most of the colonized countries may have 
achieved political freedom from their erstwhile masters, the pervasive socioeco-
nomic mindset persists and liberation from western scientific inclinations evades 
indigenous scholars.
Figure 2 Allopathic health practitioners of the twenty-first century applying 
similar principles, protocol and standards to that of indigenous health practitioners 
reported by medical anthropologist in 1885 during the delivery of a baby through 
Cesarean section (Google source).
7.  Exploring the indigenous epistemologies and sustainable 
collaborations
The author argues for the need of a different approach to collaboration with 
indigenous communities who have experienced centuries of colonization and 
Figure 2. 
Allopathic health practitioners of the twenty-first century performing caesarean delivery.
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dehumanization of their traditional beliefs, health systems and practices. It is the 
author’s view that postcolonial indigenous researchers should develop indigenous 
epistemologies and methodologies which dismantle, deconstruct and decolonize 
the Euro-western paradigms of thinking. It provides a platform for the rethinking 
of the indigenous health system, its philosophies and the sciences involved when 
a complete healthcare service was provided for centuries before colonization [54]. 
Although the two healthcare systems operate side by side at different levels of sci-
ence, i.e. theory of disease causation and management of disease, a mutually agreed 
upon collaboration between the two systems could positively impact the establish-
ment of a complete health system. A new trajectory and respect for the views that 
an individual or a community holds on health and diseases should be established, 
which will not only influence the interpretation of different health conditions and 
beliefs regarding causation of diseases but will also determine the type of providers 
who are consulted for the management, restoration of health and the wellbeing of 
communities. A sustainable collaboration would require exploring approaches that 
eliminate the “come join us” attitude and monopolistic health system of allopathic 
health practitioners who regard themselves as holding the gold standard against 
which all others are assessed.
8.  Development of sustainable collaborations through decolonization 
processes
Studies show that the integration of allopathic and traditional medicine should 
include co-learning and mutual respect [19, 55, 56]. Traditional and allopathic 
healthcare practitioners already have common practices, for example, the physio-
therapists’ use of steam for inhalation therapy which is similar to ukugquma and 
using a warm towel compress which is similar to ukuthoba. Midwives recommend-
ing alternative positions during delivery is similar to methods used by traditional 
birth attendants throughout the ages.
Creating opportunities for collaboration and capacity development through 
training of allopathic healthcare practitioners in traditional healthcare practices 
is emancipatory, will stimulate awareness and creates a cultural sensitivity among 
allopathic healthcare practitioners [50, 57]. Collaboration will create an opportu-
nity to enhance the transfer of skills and sharing of knowledge between the tradi-
tional and allopathic healthcare sectors [58, 59]. It should translate into curriculum 
transformation through co-teaching, co-supervision and transfer of knowledge on 
diagnostic measures applied by indigenous practitioners in preparation and packag-
ing of traditional medicines. Through such a training process, trust will be fostered 
between the traditional and allopathic healthcare sectors, and co-operation will be 
facilitated, leading to sharing of critical information and ultimately empowerment 
of both types of healthcare practitioners [60].
Indigenous communities, through colonization, have been oppressed, stripped 
of human dignity and have died inside a long time ago. Existing collaborations 
have failed to recognize the importance of redressing the inequalities of the past 
and to acknowledge the importance of indigenous knowledge [4]. It is the belief 
that the experience gained when indigenous and allopathic health practitioners 
work alongside each other would result in lasting collaborations. The view has 
been expressed by indigenous scholars that decolonization of healthcare requires 
a change in mindset and the establishment of agendas that would allow for mutual 
exchange and recognition of indigenous knowledge [61]. The success of it relies on 
a change in attitude, recognizing the value of indigenous health systems, beliefs and 
the Ubuntu spirit in African communities.
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The process of decolonization requires a participatory approach which requires 
commitment from all stakeholders [12, 62, 63]. It begins with demystifying tra-
ditional healthcare practices and community empowerment through honest and 
open discussion about the need for allopathic healthcare practitioners to learn from 
indigenous health practitioners. The main objective is changing the mindset and 
attitudes of the colonized indigenous and allopathic health practitioners through a 
participatory process. The demystifying stage involves the five phases of a decoloni-
zation process [4, 12, 62]: (1) rediscovery and recovery, (2) mourning, (3) dream-
ing, (4) commitment and (5) action (Figure 3).
8.1 Rediscovery and recovery process
This is the first phase in the process of decolonization. Allopathic healthcare prac-
titioners are encouraged to rediscover and recover their historical cultural practices, 
languages and identities. They are to rediscover the many traditional practices includ-
ing traditional methods of preparation and packaging of medicines; reproductive 
health, indigenous, preventative, promotive and diagnostic measures; curative and 
rehabilitative practices; management of diseases and health promotion; lifestyle and 
dietary preferences; the status of women; music, ancestral drumming and dance  
and its influence on wellbeing; spirituality; types of traditional healers, traditional 
leadership; patient management and palliative care; and maternal and child health.
Similarly, the colonized indigenous practitioners and communities should redis-
cover, interrogate and question the current status of their practices. Rediscovery 
and recovery give the oppressed and colonized people the ability to decontaminate 
their minds and thought process in which they can define their real world and 
problems associated with it. Indigenous practitioners should decide on their terms 
of references and rules for engagement among themselves and with others. In this 
case, allopathic healthcare practitioners go through the process of rediscovery and 
Figure 3. 
Cyclical pattern of decolonization adopted from Nemutandani et al. [4].
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recovery through learning about existing traditional healthcare practices, languages 
and identities. This process is the cornerstone for sustainable collaboration.
9. Mourning the disrespect of the indigenous medicine
This stage refers to the process of lamenting the injustices that have been done by 
colonization and how this has affected the self-esteem and image of the indigenous 
practitioners in the communities, including the impact it had on their practices and 
traditions. It has been argued to be an important part of healing and preparing for 
moving forward. The years of assault upon and damage done to the minds of indig-
enous people, their traditions, values and belief systems were reported on literature.
The scars from years of colonization and the indoctrination of African people to 
disown their own ways of living and of health practices are still evident years after 
achieving independence from colonizers. The perception that traditional beliefs and 
practices belong to the dark ages and uncivilized societies appears to have resulted 
in a refusal to accept indigenous heath practitioner.
Even the so-called educated and liberated middle-class African health profes-
sionals have not been prepared to free themselves of the limitations of colonization. 
“The main challenge is the existing negative perceptions you have about us. This is 
more prevalent among the educated and middle-class people… consult secretively, 
with skepticism, doubts and pride….” as quoted by an indigenous member in the 
study by Nemutandani and others [4].
9.1 Dreaming process
The third decolonization process involves dreaming in which the allopathic 
healthcare practitioners will allow the traditional healers to educate them about 
different possibilities of knowledge and skills that can still be helpful to offer 
alternative care. In the environment in which the dreaming should take place, two 
processes are required.
9.2 Commitment process
The allopathic healthcare practitioners should take on the positions of activism 
to advocate for incorporation of indigenous healthcare practices into the curricu-
lum. They will therefore write monographs and textbooks to take the knowledge 
from tacit to explicit.
9.3 Action process
The last process in decolonization is the joint development of a plan of action by 
allowing indigenous health practitioners to build capacity among allopathic health 
practitioners. Dreams and commitments are translated into strategies for capacity 
building and skill transfer to ensure that their collaboration is sustainable.
The existing collaborations between the two health systems without under-
standing and acknowledging that the indigenous health system is a living science 
are not sustainable.
Finally, there are reports which found that allopathic and indigenous medi-
cine are compatible in their sciences of treating and managing their patients. For 
example, allopathic health practitioners, using their existing biomedical knowledge 
of HIV-/AIDS-related illness, would set a course of treatment that emphasize 
antiretroviral medications and hospital treatment. On the other hand, indigenous 
Public Health in Developing Countries - Challenges and Opportunities
80
The process of decolonization requires a participatory approach which requires 
commitment from all stakeholders [12, 62, 63]. It begins with demystifying tra-
ditional healthcare practices and community empowerment through honest and 
open discussion about the need for allopathic healthcare practitioners to learn from 
indigenous health practitioners. The main objective is changing the mindset and 
attitudes of the colonized indigenous and allopathic health practitioners through a 
participatory process. The demystifying stage involves the five phases of a decoloni-
zation process [4, 12, 62]: (1) rediscovery and recovery, (2) mourning, (3) dream-
ing, (4) commitment and (5) action (Figure 3).
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languages and identities. They are to rediscover the many traditional practices includ-
ing traditional methods of preparation and packaging of medicines; reproductive 
health, indigenous, preventative, promotive and diagnostic measures; curative and 
rehabilitative practices; management of diseases and health promotion; lifestyle and 
dietary preferences; the status of women; music, ancestral drumming and dance  
and its influence on wellbeing; spirituality; types of traditional healers, traditional 
leadership; patient management and palliative care; and maternal and child health.
Similarly, the colonized indigenous practitioners and communities should redis-
cover, interrogate and question the current status of their practices. Rediscovery 
and recovery give the oppressed and colonized people the ability to decontaminate 
their minds and thought process in which they can define their real world and 
problems associated with it. Indigenous practitioners should decide on their terms 
of references and rules for engagement among themselves and with others. In this 
case, allopathic healthcare practitioners go through the process of rediscovery and 
Figure 3. 
Cyclical pattern of decolonization adopted from Nemutandani et al. [4].
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recovery through learning about existing traditional healthcare practices, languages 
and identities. This process is the cornerstone for sustainable collaboration.
9. Mourning the disrespect of the indigenous medicine
This stage refers to the process of lamenting the injustices that have been done by 
colonization and how this has affected the self-esteem and image of the indigenous 
practitioners in the communities, including the impact it had on their practices and 
traditions. It has been argued to be an important part of healing and preparing for 
moving forward. The years of assault upon and damage done to the minds of indig-
enous people, their traditions, values and belief systems were reported on literature.
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disown their own ways of living and of health practices are still evident years after 
achieving independence from colonizers. The perception that traditional beliefs and 
practices belong to the dark ages and uncivilized societies appears to have resulted 
in a refusal to accept indigenous heath practitioner.
Even the so-called educated and liberated middle-class African health profes-
sionals have not been prepared to free themselves of the limitations of colonization. 
“The main challenge is the existing negative perceptions you have about us. This is 
more prevalent among the educated and middle-class people… consult secretively, 
with skepticism, doubts and pride….” as quoted by an indigenous member in the 
study by Nemutandani and others [4].
9.1 Dreaming process
The third decolonization process involves dreaming in which the allopathic 
healthcare practitioners will allow the traditional healers to educate them about 
different possibilities of knowledge and skills that can still be helpful to offer 
alternative care. In the environment in which the dreaming should take place, two 
processes are required.
9.2 Commitment process
The allopathic healthcare practitioners should take on the positions of activism 
to advocate for incorporation of indigenous healthcare practices into the curricu-
lum. They will therefore write monographs and textbooks to take the knowledge 
from tacit to explicit.
9.3 Action process
The last process in decolonization is the joint development of a plan of action by 
allowing indigenous health practitioners to build capacity among allopathic health 
practitioners. Dreams and commitments are translated into strategies for capacity 
building and skill transfer to ensure that their collaboration is sustainable.
The existing collaborations between the two health systems without under-
standing and acknowledging that the indigenous health system is a living science 
are not sustainable.
Finally, there are reports which found that allopathic and indigenous medi-
cine are compatible in their sciences of treating and managing their patients. For 
example, allopathic health practitioners, using their existing biomedical knowledge 
of HIV-/AIDS-related illness, would set a course of treatment that emphasize 
antiretroviral medications and hospital treatment. On the other hand, indigenous 
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health practitioners, invoking existing knowledge of sicknesses caused by spirits, 
set a course of treatment that emphasize herbal medicines, sacrifices and ritual 
ceremonies to appease ancestors. It can be argued that both approaches are typical 
of all medical systems in that they “frame problems in relation to the solutions they 
have to offer” and how they understand it to be according to their existing knowl-
edge as defined by their health system—in textbook or through ancestors.
In conclusion, any health intervention which disregards the existing community 
health beliefs, traditions and cultural practices is likely to be resisted passively by com-
munities if not openly by creating parallel systems acceptable to the communities.
Despite the existing bias against indigenous health practitioners and the nega-
tivities associated with those consulting them, collaboration between allopathic 
health practitioners and indigenous health practitioners in the management of 
patients is certainly possible.
Reflection: Why is it that indigenous health sciences are not incorporated in 
the curriculum of most health professional training institutions in Africa? Despite 
the strong beliefs and practical experiences of both academics and students being 
products of indigenous systems, few seem capable of associating with it. One could 
conclude that the prevailing educational system does not encourage either students 
or academics to think for themselves but rather follow the path traveled by their 
Euro-centric predecessors, despite well knowing that their environment is differ-
ent. There seems to be a deeply embedded western paradigm of reasoning among 
members of human research committees who seem to be fixated on whether similar 
research had been done and whether tried and tested methods are being followed.
Reflection: For a long time, when we go out for research, if we are honest enough, 
what we are gathering or we went out for is a collection of existing information and raw 
data. It’s only when we process it in our university (standards) that we call it knowl-
edge. There are many of us who still go out and do research that way; it is the habit of 
the heart and mind and the habit of relating to people, society and healers as objects.
© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 6
Public Health Effects of Wood
Fuel in Africa: Bioenergy from
Tree Commodities as a Sustainable
Remedy
Serge Mandiefe Piabuo and Janice Tieguhong Puatwoe
Abstract
Globally, about 2.8 million people depend on solid wood fuel for energy,
developing countries account for more than 90% of this population. About 70% of
households in Sub-Saharan depend on wood fuel for energy. The combustion of
solid wood fuel indoors and outdoors emits smoke with particles that have adverse
effects on the health of users. This chapter investigates the health effects of wood
fuel combustion on the users and evaluates the potential of bioenergy from tree
commodities as a sustainable remedy. Through a literature review of literature on
health effects of wood fuel, this chapter shows that acute respiratory infections,
lung problems, cataract, cardiovascular diseases and bronchitis are common public
health issues that wood fuel users suffer from. Bioenergy provides a clean and
healthier alternative energy for rural households; tree commodities provide a more
sustainable option for millions of Africans who depend on tree commodities for
their livelihoods. Estimates show that between 4.26E+06 and 1.14E+07 MW of
bioelectricity can be generated from tree commodities, while 6.26E+08 to 1.71E+09
litres of bioethanol and 4.27E+08 to 1.14E+09 litres of biodiesel can potentially be
generated from tree commodities. Significant government support, financial
investment, public-private partnerships and community sensitisation are required
for tree commodities to sustainable provide clean and healthy bioenergy to rural
Africa.
Keywords: solid wood fuel, respiratory infections, bioenergy, tree commodities
1. Introduction
Renewable energy remains the most dominant energy source in Africa with
wood sources accounting for a large share of biomass energy. Although wood
energy accounts for only 10% of global primary energy, about 2.8 million people
depend on wood fuel for cooking and heating [1, 2]. The extraction and use of wood
for energy is prominent in developing countries with more than 70% of households
in Sub-Saharan Africa depending on wood energy. Access to modern energy
remains a major problem in developing countries; however, poorer countries suffer
more from energy access problems [3]. Poor access to modern energy rates in less
developed countries (LDCs) and Sub-Saharan (SSA) countries remain high at 91
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Globally, about 2.8 million people depend on solid wood fuel for energy,
developing countries account for more than 90% of this population. About 70% of
households in Sub-Saharan depend on wood fuel for energy. The combustion of
solid wood fuel indoors and outdoors emits smoke with particles that have adverse
effects on the health of users. This chapter investigates the health effects of wood
fuel combustion on the users and evaluates the potential of bioenergy from tree
commodities as a sustainable remedy. Through a literature review of literature on
health effects of wood fuel, this chapter shows that acute respiratory infections,
lung problems, cataract, cardiovascular diseases and bronchitis are common public
health issues that wood fuel users suffer from. Bioenergy provides a clean and
healthier alternative energy for rural households; tree commodities provide a more
sustainable option for millions of Africans who depend on tree commodities for
their livelihoods. Estimates show that between 4.26E+06 and 1.14E+07 MW of
bioelectricity can be generated from tree commodities, while 6.26E+08 to 1.71E+09
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generated from tree commodities. Significant government support, financial
investment, public-private partnerships and community sensitisation are required
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1. Introduction
Renewable energy remains the most dominant energy source in Africa with
wood sources accounting for a large share of biomass energy. Although wood
energy accounts for only 10% of global primary energy, about 2.8 million people
depend on wood fuel for cooking and heating [1, 2]. The extraction and use of wood
for energy is prominent in developing countries with more than 70% of households
in Sub-Saharan Africa depending on wood energy. Access to modern energy
remains a major problem in developing countries; however, poorer countries suffer
more from energy access problems [3]. Poor access to modern energy rates in less
developed countries (LDCs) and Sub-Saharan (SSA) countries remain high at 91
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and 83%, respectively. In SSA, the access to electricity and modern energy remains
a major constraint with 560 and 625 peopled deprived, respectively. Poor access to
modern energy equally varies between urban and rural areas in Africa; in SSA, 66%
of the population use solid fuels for heating and cooking, 13% use charcoal while
kerosene, electricity and LPG follow with 7, 6, and 5%, respectively [4].
The global use of wood fuel for cooking and heating has devastating negative
health effects with 2 million deaths annually from pneumonia, cancer and chronic
lung diseases due to exposure to pollution from biomass combustion. Women and
children are most affected by these diseases with about 44% of these deaths being
children and 60% of adult death being women [3]. More than 50% of deaths from
pneumonia, cancer and chronic lung diseases in LDCs and SSA is due to combustion
of solid fuels, while only 38% for developing countries in general [3]. Household air
pollution (HAP) is a major driver of global health emergencies with about 4.3
million premature deaths; non-communicable diseases (NCDs) account for 3.8
million deaths (WHO, 2016). HAP accounts for more than 33% deaths related to
chronic obstructive pulmonary in both low- and middle-income countries, 17% of
deaths related to cancer, 15% of ischaemic heart disease and 25% stroke-related
deaths (WHO, 2016). This chapter seeks to review the different diseases caused by
incomplete combustion of biomass for energy and how bioenergy from tree com-
modities can be a sustainable remedy.
2. Solid fuelwood combustion and health effects in rural Africa
Several scientific publications have reported significant health effects of wood
fuel combustion for cooking especially through open fire in rural areas [5, 6].
Childhood respiratory infections such as pneumonia and otitis media have been
highly associated with fuel wood combustion [5]. Among women, there is a high
association between fuelwood combustion and high risk of chronic bronchitis and
chronic obstructive pulmonary disease, especially asthma and cataract. Indoor
combustion of fuelwood has been called the ‘kitchen killer’ because about 1.6
million deaths have been registered as a result, accounting for 2.7% of global disease
burden (WHO, 2007).
The combustion process generates smoke; this smoke contains a complex mix-
ture of numerous particles and substances composed of varied organic and inor-
ganic compounds [7, 8]. These compounds are toxic and dangerous to the health
system of human beings; they contain carbon monoxide (CO), nitrogen and sul-
phur oxide (NO2, CO2), aldehydes, particulate matter PM (PM10), volatile organic
compounds, chlorinated dioxins, free radicals and polycyclic aromatic hydrocar-
bons [8]. The health effects on children less than 5 years and women are not
homogenous. Respiratory infections such as pneumonia are common in young
children less than 5 years, while chronic obstructive pulmonary disease (CORP) and
lung cancer are common in women. Other health effects such as adverse pregnancy
and eye diseases are equally common [9, 10].
To better appreciate the health effects of fuelwood combustion, a review of
literature for over 17 papers was done. The objective was to capture the most
prevalent health outcomes as a result of indoor and outdoor fuelwood combus-
tion. The table below (Table 1) shows the results of the reviewed papers in a
summary form [11].
The exposure to smoke due to cooking fuel accelerates respiratory-related ill-
nesses such as dry cough and nose irritation; further analysis equally underscores
high association with headache, dry cough and hypertension [25]. The review above
shows significant health effects related to respiratory-related diseases, of the 17
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deaths related to cancer, 15% of ischaemic heart disease and 25% stroke-related
deaths (WHO, 2016). This chapter seeks to review the different diseases caused by
incomplete combustion of biomass for energy and how bioenergy from tree com-
modities can be a sustainable remedy.
2. Solid fuelwood combustion and health effects in rural Africa
Several scientific publications have reported significant health effects of wood
fuel combustion for cooking especially through open fire in rural areas [5, 6].
Childhood respiratory infections such as pneumonia and otitis media have been
highly associated with fuel wood combustion [5]. Among women, there is a high
association between fuelwood combustion and high risk of chronic bronchitis and
chronic obstructive pulmonary disease, especially asthma and cataract. Indoor
combustion of fuelwood has been called the ‘kitchen killer’ because about 1.6
million deaths have been registered as a result, accounting for 2.7% of global disease
burden (WHO, 2007).
The combustion process generates smoke; this smoke contains a complex mix-
ture of numerous particles and substances composed of varied organic and inor-
ganic compounds [7, 8]. These compounds are toxic and dangerous to the health
system of human beings; they contain carbon monoxide (CO), nitrogen and sul-
phur oxide (NO2, CO2), aldehydes, particulate matter PM (PM10), volatile organic
compounds, chlorinated dioxins, free radicals and polycyclic aromatic hydrocar-
bons [8]. The health effects on children less than 5 years and women are not
homogenous. Respiratory infections such as pneumonia are common in young
children less than 5 years, while chronic obstructive pulmonary disease (CORP) and
lung cancer are common in women. Other health effects such as adverse pregnancy
and eye diseases are equally common [9, 10].
To better appreciate the health effects of fuelwood combustion, a review of
literature for over 17 papers was done. The objective was to capture the most
prevalent health outcomes as a result of indoor and outdoor fuelwood combus-
tion. The table below (Table 1) shows the results of the reviewed papers in a
summary form [11].
The exposure to smoke due to cooking fuel accelerates respiratory-related ill-
nesses such as dry cough and nose irritation; further analysis equally underscores
high association with headache, dry cough and hypertension [25]. The review above
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Public Health in Developing Countries - Challenges and Opportunities
studies, 13 underscore respiratory tract infections as major outcome of fuelwood
combustion. The most common forms of the respiratory tract infections are dry
cough, breathing problems, neurologic problems, cardiopulmonary, cardiovascular
diseases, asthma and lung cancer [20, 23, 25].
Lower life expectancy has equally been reported by Badamassi et al. [24]; they
underscore that combustion of particulate matter (PM2.5) has adverse effect on
life expectancy in the long run, with a greater negative effect on female life
expectancy. Their study equally shows higher life expectancy for exposed house-
holds in urban areas and countries with higher GDP per capita; this can be
explained by the fact that these groups can have better access to health care.
Cardiovascular diseases have equally been reported to be associated with fuel-
wood combustion [19]. Other diseases such as asthma, stroke and immune system
impairment have equally been attributed to indoor and outdoor pollution as a
result of fuelwood combustion [19].
3. Bioenergy as a sustainable and health energy source
The precedent section underscores that about 700 million (82%) of Africans are
at high risk of household air pollution due to the use of solid-fuel for cooking with an
average 581,000 deaths annually [26]. Globally, the demand for solid-fuel for
cooking has reduced considerably, average 50–40%; however, Africa stagnates at
80% over the decades. Escalating fuel cost, population growth and supply interrup-
tions have accounted for reduced demand in modern fuel demand. Even when
households use modern fuel for cooking, they often combine with solid-fuel cooking
stoves [27, 28]. The production of energy from biological waste using modern
production techniques has been promoted as a way out of this public health crisis.
Significant efforts have been made through different cross-country projects aimed
at producing clean and modern bioenergy such as liquid and gel biofuels. Efforts to
promote more clean energy sources such as ethanol stoves and clean cooking stoves
have not met required objectives due to poor market penetration and high
subsidisation cost [26]. However, in West Africa, ethanol businesses have registered
steady growth with over 200,000 stoves reported in different countries over 3 years.
Biogas projects in East Africa played an important role in changing mindsets
and providing a cleaner alternative for households. In Kenya, three biogas operat-
ing units have been constructed by the Taita Taveta Wildlife Forum (TTWF) as
part of a pilot project aimed at improving access to clean energy. This is promoted
because biogas produces clean energy, with less indoor and outdoor pollution,
thus reduced chances of respiratory tract infections and heart infections. The
biogas production process equally generates nitrogen and liquids rich in nutrients
that can serve as fertilizers.
The use of bioenergy as an alternative to solid-fuels is encouraged because
through the different conversion techniques, energy is generated which enhances
good combustion with limited emission of air pollutants. This form of energy is
good both for indoor and outdoor use at urban and rural areas. The promotion of
this form of energy is equally backed by the constant availability of biomass for
bioenergy conversion, with by-products that are equally good for crop cultivation.
4. Bioenergy from tree commodities as a sustainable remedy
Tree commodities commonly referred to as ‘money trees’ are trees grown prin-
cipally for cash by many African countries. These trees are often the principal
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life expectancy in the long run, with a greater negative effect on female life
expectancy. Their study equally shows higher life expectancy for exposed house-
holds in urban areas and countries with higher GDP per capita; this can be
explained by the fact that these groups can have better access to health care.
Cardiovascular diseases have equally been reported to be associated with fuel-
wood combustion [19]. Other diseases such as asthma, stroke and immune system
impairment have equally been attributed to indoor and outdoor pollution as a
result of fuelwood combustion [19].
3. Bioenergy as a sustainable and health energy source
The precedent section underscores that about 700 million (82%) of Africans are
at high risk of household air pollution due to the use of solid-fuel for cooking with an
average 581,000 deaths annually [26]. Globally, the demand for solid-fuel for
cooking has reduced considerably, average 50–40%; however, Africa stagnates at
80% over the decades. Escalating fuel cost, population growth and supply interrup-
tions have accounted for reduced demand in modern fuel demand. Even when
households use modern fuel for cooking, they often combine with solid-fuel cooking
stoves [27, 28]. The production of energy from biological waste using modern
production techniques has been promoted as a way out of this public health crisis.
Significant efforts have been made through different cross-country projects aimed
at producing clean and modern bioenergy such as liquid and gel biofuels. Efforts to
promote more clean energy sources such as ethanol stoves and clean cooking stoves
have not met required objectives due to poor market penetration and high
subsidisation cost [26]. However, in West Africa, ethanol businesses have registered
steady growth with over 200,000 stoves reported in different countries over 3 years.
Biogas projects in East Africa played an important role in changing mindsets
and providing a cleaner alternative for households. In Kenya, three biogas operat-
ing units have been constructed by the Taita Taveta Wildlife Forum (TTWF) as
part of a pilot project aimed at improving access to clean energy. This is promoted
because biogas produces clean energy, with less indoor and outdoor pollution,
thus reduced chances of respiratory tract infections and heart infections. The
biogas production process equally generates nitrogen and liquids rich in nutrients
that can serve as fertilizers.
The use of bioenergy as an alternative to solid-fuels is encouraged because
through the different conversion techniques, energy is generated which enhances
good combustion with limited emission of air pollutants. This form of energy is
good both for indoor and outdoor use at urban and rural areas. The promotion of
this form of energy is equally backed by the constant availability of biomass for
bioenergy conversion, with by-products that are equally good for crop cultivation.
4. Bioenergy from tree commodities as a sustainable remedy
Tree commodities commonly referred to as ‘money trees’ are trees grown prin-
cipally for cash by many African countries. These trees are often the principal
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source of income for most farmers in Sub-Saharan Africa. In Africa, cocoa, coffee,
oil palm, industrial round wood, cashew, almonds and walnuts are the principal tree
commodities. These tree commodities are a source of income to millions of Africans
and accounts for tons of agricultural biomass produced annually. Agricultural bio-
mass after extraction of the fruit of these products is often left to rot in the farms
while farmers suffer from energy shortages. Residue from tree commodities such as
husk of cocoa and coffee, empty fruit bunch of oil palm, forest thinning from
timber exploitation and shell of almonds are potential sustainable feedstock for
bioenergy generation.
With the appropriate technology and adoption by community members, tree
commodities can serve as a pathway for sustainable bioenergy generation without
changing land use and without extra efforts from the farmer to find feedstock. The
potential of using bioenergy for reducing health effects of traditional biomass for
combustion is backed by the fact that tree commodities are often found in rural
areas, with serious energy deficiencies, high prevalence of respiratory tract infec-
tions as a result of solid wood fuel combustion.
The potential of using bioenergy from tree commodities as a clean energy source
is evaporated in this chapter by looking at two aspects: (1) by evaluating the
potential in terms of quantity of bioenergy that can be generated by tree commod-
ities and (2) operational framework for bioenergy from tree commodities to effec-
tively serve rural population as a renewable and healthy energy source.
4.1 Evaluating the potential quantity of bioenergy from tree commodities in
Africa
To evaluate the potential of bioenergy from tree commodities, seven tree com-
modities were chosen for analysis based on the number of farmers or population
affected by the different tree commodities. The chosen tree commodities are coffee
(Coffea arabica and Coffea canephora), cocoa (Theobroma cacao), oil palm
(Arecaceae), walnuts (Juglans), cashew (Anacardium occidentale), almonds (Prunus
dulcis) and industrial round wood. When evaluating bionenergy potential from tree
commodities, provisions are taken for the use of residue for other uses, such as soil
nutrient. The extraction equally considers other aspects such as weather, soil types,
crop yields, harvesting technique and wind patterns [29, 30]. Researchers have
evaluated different soil systems and uses of residue from biomass and conclude that
44–64% of biomass residue can sustainably be used for biomass generation [29–31].
Using a more conservative approach, this chapter uses a 20% extraction rate to
estimate bioenergy production from tree commodities. Data from the FAO (2018)
database serve as a basis for estimation in this chapter. Sustainable extraction rates
were gotten from literature review from a variety of sources; residue to product
ratio and moisture content was extracted from OECD/IEA [32]. Moisture content
for coffee and cocoa was obtained from NREL [33], oil palm from Husain et al. [34],
walnuts from Uzan and Yaman [35], cashew from Mohod et al. [36], industrial
round wood from FAO [37] and almonds from [38]. Table 2 below shows the
results of bioenergy potential from tree commodities for bioelectricity, biochemical
ethanol and diesel.
Bioenergy generation from tree commodities in Africa can potentially generate
between 4.26E+06 and 1.14E+07 MW of bioelectricity from the seven-tree com-
modities while 6.26E+08 and 1.71E+09 L of bioethanol can potentially be generated
from tree commodities. Tree commodities equally can equally serve as an important
potential source for diesel, estimates from tree commodities show that 4.27E+08–
1.14E+09 L can be generated from tree commodities.
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source of income for most farmers in Sub-Saharan Africa. In Africa, cocoa, coffee,
oil palm, industrial round wood, cashew, almonds and walnuts are the principal tree
commodities. These tree commodities are a source of income to millions of Africans
and accounts for tons of agricultural biomass produced annually. Agricultural bio-
mass after extraction of the fruit of these products is often left to rot in the farms
while farmers suffer from energy shortages. Residue from tree commodities such as
husk of cocoa and coffee, empty fruit bunch of oil palm, forest thinning from
timber exploitation and shell of almonds are potential sustainable feedstock for
bioenergy generation.
With the appropriate technology and adoption by community members, tree
commodities can serve as a pathway for sustainable bioenergy generation without
changing land use and without extra efforts from the farmer to find feedstock. The
potential of using bioenergy for reducing health effects of traditional biomass for
combustion is backed by the fact that tree commodities are often found in rural
areas, with serious energy deficiencies, high prevalence of respiratory tract infec-
tions as a result of solid wood fuel combustion.
The potential of using bioenergy from tree commodities as a clean energy source
is evaporated in this chapter by looking at two aspects: (1) by evaluating the
potential in terms of quantity of bioenergy that can be generated by tree commod-
ities and (2) operational framework for bioenergy from tree commodities to effec-
tively serve rural population as a renewable and healthy energy source.
4.1 Evaluating the potential quantity of bioenergy from tree commodities in
Africa
To evaluate the potential of bioenergy from tree commodities, seven tree com-
modities were chosen for analysis based on the number of farmers or population
affected by the different tree commodities. The chosen tree commodities are coffee
(Coffea arabica and Coffea canephora), cocoa (Theobroma cacao), oil palm
(Arecaceae), walnuts (Juglans), cashew (Anacardium occidentale), almonds (Prunus
dulcis) and industrial round wood. When evaluating bionenergy potential from tree
commodities, provisions are taken for the use of residue for other uses, such as soil
nutrient. The extraction equally considers other aspects such as weather, soil types,
crop yields, harvesting technique and wind patterns [29, 30]. Researchers have
evaluated different soil systems and uses of residue from biomass and conclude that
44–64% of biomass residue can sustainably be used for biomass generation [29–31].
Using a more conservative approach, this chapter uses a 20% extraction rate to
estimate bioenergy production from tree commodities. Data from the FAO (2018)
database serve as a basis for estimation in this chapter. Sustainable extraction rates
were gotten from literature review from a variety of sources; residue to product
ratio and moisture content was extracted from OECD/IEA [32]. Moisture content
for coffee and cocoa was obtained from NREL [33], oil palm from Husain et al. [34],
walnuts from Uzan and Yaman [35], cashew from Mohod et al. [36], industrial
round wood from FAO [37] and almonds from [38]. Table 2 below shows the
results of bioenergy potential from tree commodities for bioelectricity, biochemical
ethanol and diesel.
Bioenergy generation from tree commodities in Africa can potentially generate
between 4.26E+06 and 1.14E+07 MW of bioelectricity from the seven-tree com-
modities while 6.26E+08 and 1.71E+09 L of bioethanol can potentially be generated
from tree commodities. Tree commodities equally can equally serve as an important
potential source for diesel, estimates from tree commodities show that 4.27E+08–
1.14E+09 L can be generated from tree commodities.
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The figure above (Figure 1) shows that bioenergy generation from industrial
round wood is the highest averaging 46% for the bioelectricity (47%), bioethanol
(46%) and Fischer-Tropsch diesel (46%). Cashew shell can equally contribute
significantly bioenergy production accounting for 15% of diesel and bioethanol and
21% of electricity. Cocoa comes third as the highest contributor, accounting for 13%
of bioelectricity and 15% of bioethanol and diesel. Coffee follows representing 7% of
bioelectricity production and 11% of bioethanol and diesel. Oil palm equally con-
tributes significantly to this potential, with 9% of total potential of bioelectricity
and 10% of bioethanol and diesel potential production. These percentages under-
score the significant potential contribution of tree commodities in generation clean,
modern bioenergy than can potentially reduce public health diseases associated
with the combustion of solid-fuel biomass. However, for this to be a reality, a lot of
policy and operational tools must be put in place and readily available at local level.
4.2 Operational framework for bioenergy from tree commodities to effectively
serve rural population as a renewable and healthy energy source
For modern bioenergy to serve as a potential clean energy source for rural
African communities and millions of Africans at risk of respiratory tract infections
and cardio-vascular diseases, several important pre-requisites are required.
i. Government support: For modern bioenergy to be a mainstay in rural
Africa and reduce incidences of deaths through solid-fuel combustion,
government authorities must support the development of modern bioenergy
infrastructure. This requires significant shift in policy and investment from
the government and different multi-lateral partners. The understanding of
policy makers of the health advantages of developing modern bioenergy
Figure 1.
Percentage of bioenergy generated from different tree commodities.
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systems coupled with sustainable management practices is key to pushing a
policy reform agenda for modern bioenergy generation in Africa.
ii. Significant financial investment: Developing modern bioenergy
generation systems for tree commodities requires significant financial
investment. Multi-lateral development agencies aimed at reducing carbon
emissions and promoting healthy living of populations can shift their
funding streams to bioenergy generation. For this to happen, they must
understand that modern bioenergy does not only reduce carbon emission,
deforestation but can equally save the lives of millions of people potentially
at high risk of respiratory tract infections as a result of solid-fuel
combustion. This financing should go along way in investing not only in
infrastructure for bioenergy development but equally in community
adapted distribution mechanisms that will enhance adoption of new form
of energy. These new energy sources should be cheaper and more efficient
for adoption to be faster.
4.3 Sensitization and training on modern bioenergy generation from tree
commodities
The acceptance and adoption of new bioenergy as an improved energy source
required that users understand the key advantages. Thus, sensitisation at different
levels with a clear distinction of advantages over traditional solid-fuel combustion
should be made. Adoption can equally be facilitated by developing simple modern
bioenergy generation systems that are adapted to rural context with minimal
investment. This will enhance adoption especially when the cost of generation is
relatively low and accrued advantages and multi-scaled.
i. Public-private partnerships and cooperation: The developments of
sustainable modern bioenergy systems stakeholder buy-in a different levels
and scales. Thus, a public-private partnership scheme is very important.
The private sector with similar objectives can collaborate with government
agencies in developing the bioenergy agenda as financial partners, technical
support agents, or for policy advocacy. International cooperation is equally
important for broad-based decision-making with local impacts coupled
with strategic deployment frameworks adapted to different contexts.
Understanding different stakeholders from different countries is
paramount to advancing bioenergy generation.
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Cultural Practices and Health 
Consequences: Health or Habits, 
the Choice Is Ours
Radiance Ogundipe
Abstract
Human beings are social animals with an innate desire to conform to socially 
accepted norms and values. Over periods of time, some of these norms become 
standards that all members of the community are expected to adhere to. Deviance 
from these standards is seen as absurd, wrong, or frankly abnormal. However, many 
of these cultural mores have no scientific basis and, some of them actually promote 
behaviors with negative health consequences. This chapter examines the cultural 
practices of some communities in Africa and their health consequences and, 
explores ways to address the challenges.
Keywords: communities, cultural practices, communal behaviour, health, behavioral 
change, motivation
1. Introduction
Human beings are social animals with an innate desire to conform to socially 
accepted norms and values. Over periods of time, some of these norms become 
standards that all members of the community are expected to adhere to. Deviance 
from these standards is seen as absurd, wrong, or frankly abnormal. However, many 
of these cultural mores have no scientific basis and, some of them actually promote 
behaviors with negative health consequences. While the health consequences of 
many of these practices may not be of public health significance, some have major 
short and long term impact on the health of individuals in the community. The 
more difficult ones to appreciate are those practices that do not immediately appear 
to have deleterious health consequences but, may have direct and indirect long term 
impact on the health of individuals, families and the community.
It must be appreciated that not all cultural practices are deleterious to health. 
Some are actually beneficial. For example, many communities in rural Africa forbid 
intimacy between a newly delivered mother and her partner for some months. This 
practice encourages child spacing and allows the mother to adequately breastfeed 
the new baby [1].
Cultural practices are varied across different contexts. They have usually 
been viewed as the normal way of life and may be actively encouraged in the 
communities.
This chapter is a review of literature on some cultural practices with overt health 
consequences. It seeks to highlight some of these practices in Africa as prototype 
and explore ways they can be addressed at public health level.
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standards that all members of the community are expected to adhere to. Deviance 
from these standards is seen as absurd, wrong, or frankly abnormal. However, many 
of these cultural mores have no scientific basis and, some of them actually promote 
behaviors with negative health consequences. This chapter examines the cultural 
practices of some communities in Africa and their health consequences and, 
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intimacy between a newly delivered mother and her partner for some months. This 
practice encourages child spacing and allows the mother to adequately breastfeed 
the new baby [1].
Cultural practices are varied across different contexts. They have usually 
been viewed as the normal way of life and may be actively encouraged in the 
communities.
This chapter is a review of literature on some cultural practices with overt health 
consequences. It seeks to highlight some of these practices in Africa as prototype 
and explore ways they can be addressed at public health level.
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2. Search strategy
The searches were conducted on Google Scholar and PubMed using the follow-
ing mesh terms: cultural practices; culture; health impact; and health consequences:
1. health consequences and cultural practices/“health consequences,” “cultural 
practices”;
2. “health risks,” “cultural practices,” and “culture”;
3. how cultural practices affect health; and
4. “health implications” and “cultural practice.”
A review of the abstracts of many of the articles got from the search did not 
provide the information desired for this chapter. However, a few articles provided 
the information extracted and was systematically reviewed.
3. Female Genital Mutilation (FGM)
This is a cultural practice that has attracted worldwide concern due to its profound 
deleterious consequences on the health, reproductive ability and psychological wellbe-
ing of women [2]. It is a cultural practice common in parts of Africa, Asia and Middle 
East. Part of, or the entire external female genital is cut off as a cultural practice 
believed to reduce libido and enhance the chastity of women. More than 200 million 
girls and women mostly from the above mentioned areas have experienced FGM. The 
procedure is usually done by traditional attendants using unsterile devices on girls 
from the ages of infancy to about 15 years of age. Apart from the risk of infections 
from the unhygienic way the procedure is carried out and the unsterile equipment 
used, there can be severe bleeding, injuries to the urinary tract as well as subsequent 
increased risk of complicated childbirth and death of the newborn [1]. The paradox 
of the practice is that rather than promote sexual chastity as believed by the practitio-
ners, FGM actually causes painful sexual intercourse and difficulties achieving sexual 
satisfaction. It has absolutely no health benefit for the women and it has been associ-
ated with depression, anxiety, post-traumatic stress disorder and low self-esteem [1].
4. The Wodaabe’s wife stealing night dance
This is a cultural practice found among the Wodaabe tribe, a sub-group of the 
Fulani ethnic communities of the northern parts of Nigeria, northeastern Cameroon, 
the western region of Central African Republic and southwestern Chad [3]. The tribe 
holds a cultural dancing festival at night. While dancing, a man is allowed to steal and 
carry home any woman he likes whether the woman is married or not. The health 
implication of this cultural practice is obvious. Sexually transmitted infections includ-
ing HIV as well as unwanted pregnancies may result, with attendant consequences.
5. The Chawe cultural corpse washing ritual
Among the Chawe community, a Bantu tribe mostly found in Malawi, when a 
member of the tribe dies, the throat of the corpse is sliced open and water is run 
103
Cultural Practices and Health Consequences: Health or Habits, the Choice Is Ours
DOI: http://dx.doi.org/10.5772/intechopen.89778
through then squeezed out until it comes out looking clear [3]. This water from the 
corpse is collected and used to prepare a meal for the entire community.
The health implication of this cultural practice is the spread of infectious 
diseases, which may have led to the death of the deceased tribal member in the first 
instance. Gastrointestinal diseases like gastroenteritis, food poisoning, hepatitis, 
enteric fever or cholera among others, may result from this cultural practice.
6. The Banyankole tribe’s potency test
In many tribes of Africa, older females play advisory roles as matrons to newly wed-
ded couples [3]. They usually advise on how the woman especially, should relate to her 
husband so that they can avoid marital frictions. Some of these advice include how the 
woman is expected to behave in bed with her husband so that he does not stray out for 
sexual satisfaction. However, the Banyankole tribe of Uganda take this innocuous and 
possibly helpful cultural practice to another dimension. The older female who plays the 
role of the matron to the couple is required to test the sexual potency of the intending 
husband by having sexual intercourse with him. In addition, she has to test the “purity” 
of the intending wife by examining for her hymen before they are allowed to marry.
Here again, this cultural practice may promote sexually transmitted infections, 
female genital tract infection as well as lower the self-esteem of the vulnerable 
young couple, who may be ridiculed if declared to have fall short by the more 
experienced matron.
7. Bull jumping ritual in Ethiopia
Young boys in some communities in Ethiopia are required to prove their manli-
ness by stripping naked, running and jumping on the back of a bull [3]. This is fol-
lowed by running on the backs of a line of several bulls held by their horns and tails 
by the adults. This cultural practice is called Hamar. Female friends of the young boy 
are then required to prove their loyalty to him by smearing their bodies with ochre 
mixed with fat and dancing while being given several lashes on their bare backs.
This cultural practice may result in trauma, fractures or even loss of life. 
Infections like tetanus may result from contamination of the injuries and abrasions 
caused by the lashes.
8. Sharo beating ritual of Benin
Among the Fulani tribe of Benin, an intending husband may be required to 
endure severe beating to prove his worthiness of the wife [3]. If the husband is 
unable to endure the flogging, the marriage is called off.
Many intending husbands have died from the flogging ritual and consequently, 
it is no longer a compulsory requirement for marriage. Apart from a fatal conse-
quence, the Sharo beating cultural practice portends physical and psychological 
trauma to the intending husband.
9. The wife exchanging culture of northern Namibia
The nomadic tribes of Ovahimba and Ovazimba communities of Kunene and 
Omusati regions in northern Namibia, express their appreciation of their friend or 
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visitor by giving the friend or visitor their wife to have sexual intercourse with for 
the night [4]. This cultural practice is called okujepisa omukazendu. This practice is 
deeply rooted in the communities, they believe that it deepens their friendship and 
prevents promiscuity.
In a country with one of the highest prevalence of HIV infection, a cultural 
practice like this may be contributing to the spread of the disease. It will be interest-
ing to find out if the wives given as sexual gifts to friends and visitors have a say in 
the decision and, if they appreciate the cultural practice.
The cultural practices described above are examples of the obvious ones with 
possibly deleterious health consequences. Some others are not as obvious but 
nevertheless may have significant adverse heath impact. An example is the cultural 
upbringing of male children to assume dominant and aggressive roles in relationship 
with the more docile brought up female partner. This cultural practice is common in 
many parts of Africa and has been associated with tolerance in the communities for 
violence by husbands on their wives and, intimate partner violence [5–7].
10.  How do we address cultural practices with adverse health 
consequences?
Female genital mutilation (FGM) was declared a public health concern due to 
the widespread practice of the culture and, the huge number of girls and women 
whose physical, psychological, and reproductive health have been adversely 
affected [2]. The international collaborative response to the practice involved the 
World Health Organization (WHO), the United Nations Children’s Fund (UNICEF) 
and the United Nations Population Fund (UNFPA). The modality for the concerted 
efforts to stamp out FGM includes [1]:
• wider international involvement to stop FGM;
• international monitoring bodies and resolutions that condemn the practice; 
and
• revised legal frameworks and growing political support to end FGM (this 
includes a law against FGM in 26 countries in Africa and the Middle East, as 
well as in 33 other countries with migrant populations from FGM practicing 
countries).
Though the sustained and collaborative efforts resulted in reduced prevalence of 
the cultural practice, research revealed that if the communities that practice FGM 
themselves decide to abandon the cultural practice, FGM will be quickly eradicated [2].
So, how then do we get communities to be aware of the health consequences 
of aspects of their culture that have adverse consequences on health? I propose a 
multi-dimensional, sustained and motivational approach; similar to the motiva-
tional interviewing used medically to influence changes in individual behaviors that 
have undesirable health consequence [8].
This approach requires identification of influential individuals and stakeholders 
in the community and developing a relationship of respect and mutual trust in these 
identified people. Then, without being overtly critical of their cultural practice, 
they can be made aware of the health impact of the practice using subtle methods 
such as drama, movies and carefully prepared literature [7]. When the influential 
individuals and stakeholders are motivated to appreciate the harmful effects of 
the cultural practice, they may then be involved in peer influence of others in their 
105




Department of Family Medicine, Faculty of Medicine, University of Botswana, 
Botswana
*Address all correspondence to: docradiance@gmail.com
communities. This will require careful and meticulous documentation of the health 
consequences of the cultural practice. The process of presenting the documented 
health consequences have to be very well planned, gradual and packaged in neutral 
non-offensive ways.
11. Conclusion
It should be expected that motivating a change in a cultural practice that has 
been held and believed in by a community for decades or centuries would require 
tact, patience and sustained, multidimensional, collaborative effort. It may be sev-
eral years before any appreciable change is achieved but nevertheless, it is expedient 
to start the change process.
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Abstract
Lightning injuries, deaths, and the economic consequences of lightning damage 
to property and infrastructure continue to be a significant public health challenge 
and economic development issue in many tropical and subtropical areas of the 
world, especially sub-Saharan Africa. This chapter will discuss the scope of the 
hazard, known risk factors including common cultural beliefs that inhibit public 
education, existing data sources, medical effects and long-term disability, lightning 
formation and detection, injury mechanisms, existing lightning safety programs 
and their challenges, and the work being done to decrease injuries, death, and 
property damage from lightning in Africa by the African Centres for Lightning and 
Electromagnetics Network (ACLENet).
Keywords: ACLENet, lightning, lightning strike, lightning fatalities, lightning injury, 
lightning safety, lightning occurrence, disaster risk reduction, lightning detection, 
mechanisms of injury, lightning myths
1. Introduction
This chapter will summarize the hazards of lightning injury, death, and property 
damage in Africa. Lightning kills and injures not only people but their livestock, 
still a frequent measure of a family’s worth. It threatens economically challenged 
countries with damage to infrastructure including utilities, mining, aviation, and 
many other industries, as well as causes losses from downtime, food spoilage, lost 
work, lost data, and other problems from damaged electronics [1].
2. Methodology
The number of lightning safety researchers is small and well known to each other. A 
significant portion of the literature since 1990, particularly for Africa, has been written, 
mentored, or summarized in papers by the first two authors of this chapter. Most of 
the literature on lightning safety and injury prevention is published in engineering and 
physics journals and may not be available to medical or public health experts through the 
usual search engines. An extensive bibliography on safety and demographics of light-
ning casualty papers, maintained by Mr. Holle, serves as the basis for this chapter [2].
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usual search engines. An extensive bibliography on safety and demographics of light-
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3. History and limitations of lightning injury studies
Unlike many infectious diseases and other causes of injury, lightning injury is 
not reportable to any government agencies or databases worldwide. A number of 
other data sources and collection techniques have been used with varying degrees of 
completeness [3, 4].
For example, the general public in the United States might expect that everyone 
injured by lightning would seek immediate medical care so that hospital diagnoses 
or admission information would be a good source for the number of lightning 
injuries and deaths. However, a sizeable number of survivors do not seek care until 
a few days after the injury when symptoms do not resolve [5]. Those cases do not 
make it into any databank. Additionally, not all patients seen in emergency depart-
ments require admission, and emergency physicians may use symptom-based 
complaints such as pain, weakness, or mental status changes rather than “lightning 
injury.” Even coroner’s reports may not list “lightning injury” [5, 6].
Prior to the internet, U.S. death and injury statistics were collected as news 
reports provided by contracted clipping services for Storm Data, a monthly 
publication of the National Centers for Environmental Information [7]. Figure 1 
shows the death rate per million population collected for more than a century in 
the United States. During the clipping service era, studies showed that between 
30 and 70% of deaths were unreported and injuries much more so [8–11]. Data on 
property damage, while included in Storm Data, are even less well documented than 
injuries, particularly because insurance companies are loath to share their claims 
 information [12–15].
Of those injured by lightning, 90% survive, although many have permanent 
disabilities [6, 16]. The derivative 10:1 injury/death ratio has long been used for 
projecting total injuries in developed countries.
With the development of the internet, online news reports, and online searches 
have made up-to-the-minute collection of deaths in the U.S. routine with deaths 
caused by lightning well documented in the United States and studied in many 
developed countries [17–20].
Even with the internet as a source, there have been few studies in developing 
countries, and press coverage is marginal [21, 22] (Figure 2). As communication 
Figure 1. 
Solid red line: U.S. lightning deaths per million people from 1900 to 2013 [20]. Dashed blue line: Percent rural 
population. (©Ronald L. Holle).
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technology improves and cell phone penetrance grows, it is expected that more 
incidents will be reported in African media sources. However, for the foreseeable 
future, single deaths, nonfatal injuries, smaller incidents, and those in distant or 
hard-to-reach areas are less likely to be reported than those involving multiple 
people, animals, and children in school [1]. The first source to collect injury data in 
Africa, the nonprofit African Centres for Lightning and Electromagnetics Network 
(ACLENet), has been posting news reports across Africa for several years [23].
Different papers have estimated total annual global deaths as 6–24,000 [24–27]. 
Applying the 10:1 injury/death ratio projects up to 240,000 annual injuries. 
However, survival and disability rates have not been studied in developing coun-
tries, and numbers may be considerably higher for both deaths and injuries.
Lightning researchers have proposed mathematical models and other strategies 
for estimating lightning injuries and deaths using lightning stroke density data 
(number of lightning strokes per km2 per year), population density, socioeconomic 
measures, and other factors [5, 26–28], but these need refining and validation 
before they can be used as predictive tools for developing countries. Although 
lightning may cause fewer deaths worldwide than some other public health threats, 
the consequences of lightning strike to individuals, families, communities, schools, 
and economic progress in countries that are already economically challenged should 
not be underestimated [21, 29–38].
4. Demographics of lightning injury
Lightning was the second largest storm killer in the United States for over a cen-
tury, exceeded only by floods [5]. Since data collection began in the United States, 
lightning deaths have roughly paralleled the percentage of the population living in 
rural areas ([20], Figure 1). Although this has been a consistent finding in countries 
as they become “developed” [24], urbanization is not the only factor governing 
lightning injury. In Africa, as people move to cities to find work, huge shantytowns 
often arise on the periphery of cities (Figure 3). These dwellings do not meet the 
Figure 2. 
Lightning fatality rate per million people per year by continent. Red shading indicates rate > 5.0 fatalities 
per million per year, orange indicates 0.6–5.0, and yellow indicates 0.5 or less. White indicates no national 
summaries have been published for datasets ending in 1979 or later (updated from [22]). (©Ronald L. Holle).
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3. History and limitations of lightning injury studies
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Figure 1. 
Solid red line: U.S. lightning deaths per million people from 1900 to 2013 [20]. Dashed blue line: Percent rural 
population. (©Ronald L. Holle).
109
Mitigating the Hazard of Lightning Injury and Death across Africa
DOI: http://dx.doi.org/10.5772/intechopen.90468
technology improves and cell phone penetrance grows, it is expected that more 
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definition of “lightning-safe”: a substantial, fully enclosed building with plumbing, 
wiring, and metal structural components running through the walls. Not only do 
buildings with these features tend to be less likely to collapse in a storm, but the 
metal and pipes act as a modified “Faraday cage” channeling lightning through  
the walls and around the inhabitants [5]. Lightning safety advocates avoid using 
the world “shelter” as almost all “shelters” are not lightning-safe (bus shelters, golf 
shelters, rain shelters, picnic shelters, etc.) [5].
Another “lightning-safe” area to choose in a thunderstorm is nearly any fully 
enclosed metal vehicle such as a school bus, automobile, truck, and most mecha-
nized farming equipment. Open carts, including boda bodas, golf carts, and others 
are not lightning-safe [20, 21].
To illustrate the difference substantial, lightning-safe construction makes, 
Figure 4 compares the relative frequency of locations of U.S. deaths from 
lightning from the 1890s, before indoor plumbing and wiring was common, 
with the most recent decade for which data was available [39]. In the 1890s, over 
half of the U.S. population lived in rural areas where few buildings had indoor 
plumbing, electrical wiring, or what would nowadays be considered reasonably 
lightning-safe construction. Figure 4 shows that the largest percentage of deaths 
in the 1890s occurred indoors because when lightning hit them, they were likely 
to collapse on the inhabitants and any surviving inhabitant was likely to have 
lightning injuries.
Figure 3. 
Typical African dwellings and work areas, particularly in rural areas [1]. (A) Mudbrick with generations-
old thatch roofs or sheet metal held down by rocks. In some areas, chicken wire may be cast over the thatch to 
prevent monkeys and baboons from disrupting the roof. In others, car tires may be placed on the roof because 
it is thought that their “rubber” will protect the building from lightning. (B) Soweto shantytown. Soweto is 
a million-plus populated southwest township near Johannesburg, South Africa, and the birthplace of Nelson 
Mandela. (courtesy Derek Elsom).
111
Mitigating the Hazard of Lightning Injury and Death across Africa
DOI: http://dx.doi.org/10.5772/intechopen.90468
As housing construction became more substantial and more likely to be 
lightning-safe, the share of indoor lightning deaths decreased to nearly zero and has 
certainly been less than one per year for the past two decades in the United States. 
Similarly, as farming in the United States became mechanized, fewer people were 
“exposed” to lightning. Nowadays, the vast majority of people killed by lightning in 
the Unites States and other developed countries are pursuing recreational and other 
outdoor nonwork activities such as organized sports, gardening, fishing, boating, or 
running and are almost always within a few feet of safety [1].
Figure 4 shows the second most common location of U.S. deaths in the 1890s 
was for labor-intensive outdoor activities with farming coming a close third. 
Figure 4 is useful because the U.S. 1800’s data gives a reasonable approximation of 
where to expect lightning deaths to occur in developing countries including sub-
Saharan Africa where over 90% of buildings are not lightning-safe.
The fatality rate from lightning in the United States is now more than two 
orders of magnitude lower than a century ago ([1, 20, 40], Figure 1). Over the last 
decade, lightning deaths in the United States have averaged 27 per year or less than 
1 in 12,000,000 population [39]. The fatality rate per capita has become very low 
in developed countries during the last century due to widespread availability of 
“lightning-safe” structures and metal-topped, fully enclosed vehicles, extensive 
public education by broadcast meteorologists and in-print and electronic media, 
mechanized agriculture, weather apps, good forecasting that incorporates lightning 
warnings, and other factors, including the fact that there is simply less lightning 
in most developed countries, which tend to be in temperate climates, compared to 
tropical and subtropical areas of the world [1, 5, 40].
Table 1 shows many differences in known demographics of lightning injuries 
between developed and developing countries. In developed countries, it is well 
known that the injury to death ratio is about 9:1, so that 90% survive [6, 16, 41]. 
The injury/death ratio in Africa and developing countries is unknown but is 
expected to be lower since fewer lightning-safe locations are available, result-
ing in a higher proportion of deaths. More people die per lightning event in the 
developing world than in the United States and other developed countries, par-
ticularly in agricultural and school events [42, 43]. Injuries, in general, are less 
well documented as some victims may not seek medical care immediately and 
most countries do not require reporting of these medical visits nor of lightning-
related diagnoses [5, 6].
Whereas the male-to-female fatality rate in developed countries is consistently 
about 3:1 [2], many developing countries have a large portion of their population 
involved in labor-intensive agriculture during the daytime when thunderstorms are 
Figure 4. 
Comparison of the percentage of locations where U.S. lightning fatalities occurred in the 1890s versus the 
2007–2016 decade (updated from [39]). (©Ronald L. Holle).
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As housing construction became more substantial and more likely to be 
lightning-safe, the share of indoor lightning deaths decreased to nearly zero and has 
certainly been less than one per year for the past two decades in the United States. 
Similarly, as farming in the United States became mechanized, fewer people were 
“exposed” to lightning. Nowadays, the vast majority of people killed by lightning in 
the Unites States and other developed countries are pursuing recreational and other 
outdoor nonwork activities such as organized sports, gardening, fishing, boating, or 
running and are almost always within a few feet of safety [1].
Figure 4 shows the second most common location of U.S. deaths in the 1890s 
was for labor-intensive outdoor activities with farming coming a close third. 
Figure 4 is useful because the U.S. 1800’s data gives a reasonable approximation of 
where to expect lightning deaths to occur in developing countries including sub-
Saharan Africa where over 90% of buildings are not lightning-safe.
The fatality rate from lightning in the United States is now more than two 
orders of magnitude lower than a century ago ([1, 20, 40], Figure 1). Over the last 
decade, lightning deaths in the United States have averaged 27 per year or less than 
1 in 12,000,000 population [39]. The fatality rate per capita has become very low 
in developed countries during the last century due to widespread availability of 
“lightning-safe” structures and metal-topped, fully enclosed vehicles, extensive 
public education by broadcast meteorologists and in-print and electronic media, 
mechanized agriculture, weather apps, good forecasting that incorporates lightning 
warnings, and other factors, including the fact that there is simply less lightning 
in most developed countries, which tend to be in temperate climates, compared to 
tropical and subtropical areas of the world [1, 5, 40].
Table 1 shows many differences in known demographics of lightning injuries 
between developed and developing countries. In developed countries, it is well 
known that the injury to death ratio is about 9:1, so that 90% survive [6, 16, 41]. 
The injury/death ratio in Africa and developing countries is unknown but is 
expected to be lower since fewer lightning-safe locations are available, result-
ing in a higher proportion of deaths. More people die per lightning event in the 
developing world than in the United States and other developed countries, par-
ticularly in agricultural and school events [42, 43]. Injuries, in general, are less 
well documented as some victims may not seek medical care immediately and 
most countries do not require reporting of these medical visits nor of lightning-
related diagnoses [5, 6].
Whereas the male-to-female fatality rate in developed countries is consistently 
about 3:1 [2], many developing countries have a large portion of their population 
involved in labor-intensive agriculture during the daytime when thunderstorms are 
Figure 4. 
Comparison of the percentage of locations where U.S. lightning fatalities occurred in the 1890s versus the 
2007–2016 decade (updated from [39]). (©Ronald L. Holle).
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most common. No lightning-safe locations are typically available to these people, 
and deaths and injuries are often nearly equally distributed between males and 
females [5, 41, 44–46]. A recent study of labor-intensive agriculture in India and 
Bangladesh shows that 47% of the fatalities and injuries were females as they worked 
during the daytime hours when thunderstorms are most frequent [39, 46]. In addi-
tion, dwellings occupied outside of working hours often are not lightning-safe due 
to their construction of mud brick with thatch or sheet metal roofing (Figure 3).
While lightning deaths in developed countries rarely involve more than one 
person, and injuries to groups are few, deaths in developing countries often involve 
more than one person, sometimes with more than ten deaths per event [35]. 
Sometimes this is because people, particularly students, are packed together in 
classrooms and churches or walking with several others [1]. This leads some experts 
to hypothesize that ground current, responsible for at least 50% of deaths in devel-
oped countries, may play an even larger role in these situations [20, 47].
Multiple studies done by Holle [2] have shown that the majority of those killed 
die during the afternoon hours when thunderstorms are more likely to occur. In 
more developed countries, the dominant profile of lightning casualties is the young 
male. Risk-taking in recreation, workplaces, and organized sports tends to be 
dominated by males between about 15 and 30 years old. In lesser developed coun-
tries, the distribution by ages is much more dispersed. The lack of lightning-safe 
dwellings, schools and workplaces means that all ages and both genders are equally 
vulnerable at all times [27, 34, 42, 46].
5. Risk factors for lightning injury
The factors that increase the risk of lightning injury are well known ([1], 
Table 2). Like infectious diseases, lightning injuries are related to exposure. 
Exposure is related to the amount of lightning that occurs in a given area over time 
(Table 2, dark orange), common socioeconomic factors (mid-orange), and cultural 
beliefs (light orange and Tables 2 and 3) about lightning that affect behavior.
The frequency of lightning in a given area is measured as strokes/km2/year 
(stroke density), which can vary substantially depending on season, topography, 
and other factors but, in total, is reasonably unchanging from year to year [38]. Most 
lightning occurs in cloud (IC) than cloud-to-ground (CG), but all lightning is dan-
gerous because any stroke can change direction and start toward the ground where 
people are located. Worldwide lightning data over decades has shown no change that 
can be attributed to climate change, despite speculations to the contrary [48].
Lightning stroke density is higher in tropical and subtropical areas of the world, 
precisely where people are less likely to have substantial, developed housing and 
Measure Developing countries Developed countries
Deaths/million Unknown Well documented (0.01–0.5/million)
Number of deaths per event Multiple deaths Single deaths
Injury/death ratio Unknown, expected to be lower due to 
lack of “lightning-safe” areas
10:1
Male/female deaths Tends to be more equal 3:1
Age range Equal risk for everyone Males age 15–30
Table 1. 
Demographics of lightning injury (©MACooper).
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where work is more often outdoors [48]. The Democratic Republic of the Congo and 
Lake Maracaibo in Venezuela are hotspots for the highest stroke density in the world 
[48]. Figure 5 shows stroke density map of Africa.
Despite studies showing stable negative population growth in most developed 
countries, the population of Africa continues to increase, putting more  
people at risk.
The vast majority of factors determining risk of lightning injury are socioeco-
nomic and, therefore, could be modified given adequate resources, education, and 
infrastructure improvement. During the day, people are at higher risk of lightning 
injury when they are involved in labor-intensive outdoor work such as animal 
husbandry and farming, when they do not have access to “lightning-safe” buildings 
for habitation and work, and when they are exposed as they walk to the market, 
work near their homes or on fishing boats, or attend school and church either 
outdoors or in non-lightning-safe buildings [1, 35–37]. At night, as people sleep in 
lightning-unsafe dwellings, entire families are at risk. It is difficult for people who 
have not worked extensively in Africa to understand life there, but the fact is that 
nearly everyone in sub-Saharan Africa is at risk 24/7/365 regardless of the activities 
they are pursuing [10, 16–26, 29–37, 42, 49–51].
Factors that increase risk Factors that decrease risk
High lightning stroke density Low lightning stroke density
Large rural population Mostly urban population
Increasing population Stable or decreasing populations
Labor-intensive, outdoor work such as farming, 
fishing, and animal husbandry
Mechanized farming and stricter laws governing 
work conditions
Inadequate building construction. No lightning 
protection mandated for public and frequently 
inhabited buildings; lack of technical knowledge 
about lightning protection; use of lightning 
protection materials that are not compliant with 
international lightning protection codes
High-quality building construction involving wiring, 
plumbing, and metal components in the walls and 
roof combine to act as a ‘Faraday cage’ to safely 
divert lightning energy around inhabitants. Code-
compliant lightning protection mandated for public 
buildings and those frequently inhabited by large 
numbers of people
Lack of lightning-safe areas for easy evacuation; 
lack of proven actions that individuals can take to 
decrease risk
Easy availability of lightning-safe buildings and 
fully enclosed metal vehicles within easy reach. 
Widespread personal knowledge of lightning injury 
avoidance behavior
No or little lightning detection data or 
nonavailability to the public
High-quality lightning detection data incorporated 
into weather forecasts
Lack of reliable and timely weather forecasts or 
forecasts that are only available to specific sectors 
of the economy, primarily aviation
Weather forecasting systems with high-quality 
forecasts and weather apps available to the public on 
a free and real-time basis
Delayed or nonexistent access to high-quality 
medical care
Easy access to high-quality medical care
Low literacy rate; multiple languages High literacy rate
Little or no valid public education on lightning 
safety; strongly held beliefs that injuries are 
inevitable, regardless of personal behavior, and 
that lightning is called down by witches and other 
cultural beliefs
An active media; news reports of injuries; 
enthusiastic public education with wide access to 
lightning safety information; knowledge of how 
lightning is formed and where it is statistically more 
likely to hit
Table 2. 
Risk factors for lightning injury and death. Modified from Cooper and Tushemereirwe [1] ©MACooper.
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classrooms and churches or walking with several others [1]. This leads some experts 
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where work is more often outdoors [48]. The Democratic Republic of the Congo and 
Lake Maracaibo in Venezuela are hotspots for the highest stroke density in the world 
[48]. Figure 5 shows stroke density map of Africa.
Despite studies showing stable negative population growth in most developed 
countries, the population of Africa continues to increase, putting more  
people at risk.
The vast majority of factors determining risk of lightning injury are socioeco-
nomic and, therefore, could be modified given adequate resources, education, and 
infrastructure improvement. During the day, people are at higher risk of lightning 
injury when they are involved in labor-intensive outdoor work such as animal 
husbandry and farming, when they do not have access to “lightning-safe” buildings 
for habitation and work, and when they are exposed as they walk to the market, 
work near their homes or on fishing boats, or attend school and church either 
outdoors or in non-lightning-safe buildings [1, 35–37]. At night, as people sleep in 
lightning-unsafe dwellings, entire families are at risk. It is difficult for people who 
have not worked extensively in Africa to understand life there, but the fact is that 
nearly everyone in sub-Saharan Africa is at risk 24/7/365 regardless of the activities 
they are pursuing [10, 16–26, 29–37, 42, 49–51].
Factors that increase risk Factors that decrease risk
High lightning stroke density Low lightning stroke density
Large rural population Mostly urban population
Increasing population Stable or decreasing populations
Labor-intensive, outdoor work such as farming, 
fishing, and animal husbandry
Mechanized farming and stricter laws governing 
work conditions
Inadequate building construction. No lightning 
protection mandated for public and frequently 
inhabited buildings; lack of technical knowledge 
about lightning protection; use of lightning 
protection materials that are not compliant with 
international lightning protection codes
High-quality building construction involving wiring, 
plumbing, and metal components in the walls and 
roof combine to act as a ‘Faraday cage’ to safely 
divert lightning energy around inhabitants. Code-
compliant lightning protection mandated for public 
buildings and those frequently inhabited by large 
numbers of people
Lack of lightning-safe areas for easy evacuation; 
lack of proven actions that individuals can take to 
decrease risk
Easy availability of lightning-safe buildings and 
fully enclosed metal vehicles within easy reach. 
Widespread personal knowledge of lightning injury 
avoidance behavior
No or little lightning detection data or 
nonavailability to the public
High-quality lightning detection data incorporated 
into weather forecasts
Lack of reliable and timely weather forecasts or 
forecasts that are only available to specific sectors 
of the economy, primarily aviation
Weather forecasting systems with high-quality 
forecasts and weather apps available to the public on 
a free and real-time basis
Delayed or nonexistent access to high-quality 
medical care
Easy access to high-quality medical care
Low literacy rate; multiple languages High literacy rate
Little or no valid public education on lightning 
safety; strongly held beliefs that injuries are 
inevitable, regardless of personal behavior, and 
that lightning is called down by witches and other 
cultural beliefs
An active media; news reports of injuries; 
enthusiastic public education with wide access to 
lightning safety information; knowledge of how 
lightning is formed and where it is statistically more 
likely to hit
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Most developing countries do not have or may not enforce building codes that 
require lightning protection (LP) for public buildings such as schools, churches, 
hospitals, and other frequently inhabited buildings. Proper LP is delineated in 
internationally recognized codes [52, 53]. The design and installation of LP is a very 
Figure 5. 
Lightning stroke density per square km per year from the global lightning dataset GLD360 network from 2014 
through 2018. The density map depicts 1,568,391,741 strokes. Scale is at lower left; grid size is 10 by 10 km [48].
A small sample of common beliefs about lightning in Africa
Lightning is punishment from a god for wrongdoing.
Thunder is a warning that the god who controls lightning is walking on the earth.
Muti (folk medicine in Africa) can ward off lightning damage to a house.
Wearing red attracts lightning.
Mirrors should be covered during thunderstorms because they can attract or reflect lightning to kill someone 
nearby.
Individuals can call lightning down to harm others; witches can be hired to call down lightning on an enemy.
It is necessary to hire a sangoma to assure good weather for your wedding or other important event. If the 
weather is bad, it is because someone who wishes you harm hired a stronger sangoma.
A person who has been injured by lightning requires purification by traditional healers before it is safe to 
touch them (delaying resuscitation and first aid efforts) or before the person can be prepared for burial.
Table 3. 
Common cultural beliefs about lightning. (©MACooper).
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specialized field and beyond discussion in this chapter [47]. In practice, it is seldom 
part of the curricula for engineers or architects and is nearly always “learned on the 
job” although more countries are instituting LP training and certification. Because of 
this complexity, it is nearly impossible for the average local official, school principal, 
or administrator to judge between code-compliant plans and those offered by fast-
talking charlatans or by well-meaning but untrained LP purveyors. Further discus-
sion of the unvalidated claims of those using early streamer emitters (ESE) and other 
fraudulent practices is beyond this text, although an overview can be accessed at 
[47]. Unfortunately, the infiltration of purveyors of ESE and other unproven philoso-
phies of lightning protection has resulted in multiple countries adopting lightning 
protection codes that are not compliant with the international IEC standards, notably 
France, Spain, Turkey, and many others. All wishing to have LP installed should 
inquire what code will be used before accepting a contract or design [47, 52, 53].
A factor that makes lightning injuries strikingly different in the developing 
world is the combination of keraunoparalysis (KP) (kerauno—lightning) and 
building construction using dry thatch [5, 54–57]. Lightning injury often causes 
a temporary paralysis that lasts for at least several minutes to hours. This is par-
ticularly a problem for families working or sleeping inside their mudbrick home 
roofed with tinder-dry, generations-old thatch. KP can prevent even the most fit 
young person from escaping a home as the burning thatch starts to fall ([5, 54, 55], 
Figure 6). These are the injuries that result in the media writing “burned beyond 
recognition” or “charred,” terms that are never seen in the United States or other 
developed countries [21, 55].
Governmentally, many developing countries have little or no access to lightning 
detection data sources. Most meteorological authorities, while mandated to serve 
a country’s airports to assure international flights, commerce, and tourism, have 
limited resources and no mandated obligation to warn citizens of droughts, floods, 
lightning, or other weather hazards [40, 47, 58, 59]. There are no weather apps in 
most of these countries, and those that exist may access poor data sources or incor-
porate time lags of 20–30 minutes, making their displays useless for lightning safety 
and injury prevention. Near-real-time warnings (delayed by less than 30 seconds) 
are available on a subscription basis from several vendors but are largely unaf-
fordable or unknown to industry, government meteorological authorities, and the 
public in Africa [40, 47]. ACLENet is piloting this type of warning system at a few 
schools in Uganda.
Figure 6. 
Eleven tribal leaders were killed when the thatch building where they were meeting caught fire from a lightning 
strike. (used with tribal permission).
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Figure 5. 
Lightning stroke density per square km per year from the global lightning dataset GLD360 network from 2014 
through 2018. The density map depicts 1,568,391,741 strokes. Scale is at lower left; grid size is 10 by 10 km [48].
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Table 3. 
Common cultural beliefs about lightning. (©MACooper).
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Many of the most lightning injury-prone countries have inadequate or hard-
to-reach medical care and other supports such as trained personnel, ambulance 
services, first aid providers, and other first responders [47]. Besides the high expo-
sure and risk of lightning strike, victims also have less chance of survival during the 
acute phase or access to specialized services such as cognitive therapy and chronic 
pain management for those who survive [5, 16, 55].
All of the socioeconomic factors listed in Table 2 could be addressed and 
improved, but the cost and time to do so would be enormous and prohibitive for most 
African countries which may already be economically challenged. Public education, 
however, does not need to cost nearly as much as revising buildings and medical 
infrastructure [18, 60, 61], and it is probably the easiest and fastest way to make a 
difference [18, 60–62]. ACLENet has worked with other agencies in Uganda to begin 
public education through television broadcasts and newspaper inserts which teachers 
often hang as classroom posters and use for lesson plans [63].
The third major set of contributors to risk are the long-held cultural beliefs 
about lightning (Table 2 light orange), a small sample of which are listed in 
Table 3. These beliefs have been taught for generations and are nearly impossible 
to counter except by persistent public education or by community elders who have 
been trained [64–66]. In some countries, if a family member has been injured by 
lightning, communities may shun the family, believing the family to be cursed and 
forcing them to leave their communities, property, and friends to start over [30]. In 
the Democratic Republic of the Congo, a head teacher and two teachers at a private 
school were imprisoned after being accused of “calling down lightning” to kill stu-
dents at the public school in order to induce parents to enroll their children in their 
private school [65]. Widows or other women with no family to protect them may 
be stoned as witches if someone in their village is killed by lightning [64]. Other 
common myths can be found in the monthly ACLENet newsletters [65].
6. Mechanisms of lightning injury
Medically, lightning injury could be investigated from a number of different 
approaches including cellular physiology or electrical field effects, flashover versus 
internal flow of energy, and others [5, 47]. However, considering the five common 
electrical mechanisms of injury is the most useful for prevention and lightning 
safety education [5, 67]. To complicate further, these can be combined, and blunt 
or concussive trauma/barotrauma may be overlaid on any of the five [5, 67, 68]. 
Figure 7 shows the relative distribution of these mechanisms in developed coun-
tries. The distribution is not known in developing countries, but it is suspected that 
ground current plays an even larger role.
Ground current (also called earth potential rise and step voltage): The mechanism 
that kills the most people is ground current, where lightning strikes the surface of 
the earth and spreads to nearby people. It can affect a large number of people either 
inside or outside an unprotected building. Children crowded together in unpro-
tected school buildings are at particular risk [42].
Side flash/splash: This occurs when trees, poles, towers, and many other objects 
that are not necessarily tall are struck and a portion of the lightning jumps to a 
nearby person.
Upward streamer (leader): As a thundercloud moves above the earth, opposite 
charges are induced on the surface of the earth and in objects on the ground under 
the cloud whether they are a tree, a home, a person, or a blade of grass. Upward 
streamers, not usually visible from these objects, will reach up and attempt to 
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connect with the downward-moving lightning channel. The upward leader is strong 
enough to cause injury even if the lightning channel is not completed [69–72].
Contact: This occurs when the person is in contact with conducting paths such 
as plumbing, corded telephones or appliances, headsets, or wiring, either outdoors 
or inside structures. Contact injury may also occur as animals gather next to long 
metal wire fences (Figure 8).
Direct strike: Contrary to public belief, direct strike is the least common mecha-
nism causing only perhaps 3–5% of deaths [5, 40, 67, 73]. A direct injury occurs 
when the lightning stroke attaches directly to the victim and is most likely to occur 
in the open. While it is intuitive that a direct strike might be the most likely to cause 
fatalities, this has not been shown in any studies.
Blunt trauma (concussive/explosive trauma, barotrauma): Blunt trauma has long 
been suggested as a mechanism of lightning injury [5]. As lightning passes through 
the air, rapid heating and expansion of the air occurs so that those nearby may experi-
ence a concussive force as if they were near an explosion. Blumenthal investigated 
Figure 7. 
This chart shows the frequencies of the primary lightning fatality mechanisms [67]. (©MACooper/RLHolle).
Figure 8. 
Cows killed by lightning as they gathered by an ungrounded wire fence. This is a common occurrence and can be 
from contact injury as lightning energy is conducted from a distance or from ground current. Sideflash from the 
fence is less likely. (©MACooper).
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barotrauma in his dissertation and likened it to being near a 5 kg of TNT blast [68]. 
Barotrauma is independent of the other electrical mechanisms of injury but may 
potentially overlay any of them [5, 40, 68]. People may also be thrown by opisthotonic 
contractions and experience musculoskeletal injuries as would be expected [5, 66].
7. Lightning injury
As noted in Section 3, in developed countries, nearly 90% of those injured by 
lightning survive but are often left with disabling sequelae [5, 10, 11, 16, 55, 67]. The 
percentage of survivors in developing countries may be considerably smaller where 
people are exposed 24/7/365, may be affected by keraunoparalysis in unsafe structures 
that catch on fire, and cannot access high-quality medical and rehabilitative care.
A large range of injuries has been reported including damage to the ears, eyes, 
skin, heart, and brain. For a more complete and referenced discussion, see Cooper 
et al. in Auerbach [5]. The proximate cause of death is cardiac arrest and anoxic 
brain injury at the time of the strike, even if a partially successful resuscitation 
delays the legal pronouncement for a few days [5, 11, 74]. Later, deaths may be due 
to suicide as survivors become despondent when they cannot find help for their 
brain injury and other sequelae, may not be able to return to work and lose their 
homes, or lose the support of their friends and family due to personality changes 
and other stressors [75, 76]. Others may self-medicate with alcohol, drugs, or herbs 
for their post-injury chronic pain and frustration [76].
People tend to take their experience with common household electricity and 
scale it up, predicting that lightning must cause horrible burns [5, 66]. They may 
even have heard of the destructive injuries caused by high-voltage injuries. However, 
in developed countries, lightning burns tend to be superficial and insignificant 
compared to the neurologic injuries that are suffered. Less than ½ of lightning sur-
vivors surveyed by the Lightning Strike and Electric Shock Survivors, International 
(LSESSI) support group several years ago had damage of any kind to their skin [16, 
74–76]. Given the majority of injuries are not direct strikes or direct injuries but from 
mechanisms where the strength of the strike has been mitigated by dissipation across 
longer distances or other factors (ground current, contact injury, upward streamer), 
this is a reasonable finding. However, the lack of burns will often result in physician 
skepticism and legal disputes with worker insurance denial [5, 57, 75, 76].
Long term, lightning survivors may suffer temporary or permanent neurological 
sequelae including chronic pain syndromes and cognitive damage similar to those 
reported in the now widely recognized post-concussive syndrome with attention 
deficit, memory problems, learning difficulty, frontal lobe damage causing irritabil-
ity and personality changes, and loss of multitasking and executive function, all 
resulting in inability to return to their previous level of employment [5, 16, 75, 76]. 
Blunt injury from being thrown may also cause musculoskeletal pain [5, 68]. As 
with other brain injured people, frustration, impatience, instant rage, and other 
personality changes may drive away family members, further compromising the 
survivor’s recovery [5, 16, 75, 76].
Disability may significantly affect a family’s socioeconomic status if the survivor 
is unable to return to work or needs chronic care [5, 16, 40, 49, 57, 75, 76]. A further 
setback to the victim’s family, particularly in developing countries such as those in 
Africa, is a common belief that a family affected by lightning injury is “cursed” or 
was punished for bad behavior such as beating their wives or children. The com-
munity may shun the entire family so that they have little choice but to leave their 
community, home, and employment to start over in a new community where their 
tragedy is unknown [5, 30, 40].
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Currently there is no way to reverse or decrease the damage cascade that is set 
in motion when the injury first occurs. The Lightning Strike and Electric Shock 
Survivors, International is a support group that has helped hundreds of survivors 
and their families to find help and knowledge about their injuries [16, 47, 75, 76]. 
Treatment is standard for pain syndromes, anoxic brain injury, eighth nerve tinni-
tus and balance problems, and cognitive disability. Unfortunately, this type of care 
is expensive and seldom available in developing countries. In the developed world, 
some survivors may return to work, but it may be in a different field or with lesser 
responsibility and income.
As in most injuries and illnesses, prevention is far better than caring for those 
injured by lightning. In developed countries, lightning injury prevention through 
public education is simple and cost-effective [17, 18, 60, 62, 77]. However decreas-
ing lightning injuries in developing countries is a much more complex task than 
in countries where lightning-safe structures and vehicles are common and almost 
universally close at hand.
8. African Centres for lightning and electromagnetics network, Inc.
The African Centres for Lightning and Electromagnetics Network (https://
ACLENet.org) is a pan-African network of national centers dedicated to reduc-
ing deaths, injuries, and property damage from lightning across Africa [1]. It was 
formed with multiple goals in mind (Table 4). Among its many activities, ACLENet 
is attempting to establish an injury and damage database by collecting news reports 
for each of the countries in Africa and working with citizen reporters to document 
injuries and deaths as well as property damage [23].
The majority of lightning deaths can be avoided if there are “lightning-safe” 
areas to evacuate to, if good weather forecasts and warning systems are available to 
the public, and if individuals have been educated in actions they can take to avoid 
injury [1, 17, 18]. Almost none of these are available to the vast majority of sub-
Saharan Africans, particularly in rural areas, leaving entire families at risk 24/7/365 
whether they are working in their fields, walking to the market, cooking near their 
homes, worshipping, or in school [1]. Children in school tend to be at particular risk 
because typical classes have about 50 children packed into classrooms that are not 
protected and are not lightning-safe [1, 42].
In June 2011, 18 children were killed by one lightning strike with another 38 
children injured and transported to the hospital from Runyanya Primary School 
in Kiryandongo, Uganda [78]. Prior to this incident, the head teacher related that 
ACLENet’s multifaceted goals
To assess the impact of lightning on each nation’s citizens and economy
To educate teachers, parents, pupils, and the public on lightning safety and injury prevention
To work with governments to assure that code-compliant lightning protection systems are designed for new 
schools and other important buildings
To work with universities to train Africa’s own lightning experts for the future
To improve engineering training and professional qualifications in lightning protection
To advise on code-compliant lightning protection of utilities and other economically important industries
To improve the availability of accurate and timely lightning data, weather forecasting, and warnings
Table 4. 
Modified from Cooper et al. [1] (©MACooper).
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the school had 600 pupils attending. After the incident, parents were afraid to send 
their children, and children were afraid to attend school where they had seen their 
friends die. The enrollment fell to under 400. Children cannot learn if they are 
anxious about being killed every time dark clouds roll across the sky. After lightning 
protection was installed at the school by ACLENet, the head teacher related that 
enrollment climbed to over 1100 [79].
Perhaps more alarming than deaths is the fact that lightning is survivable but 
can leave survivors with permanent disabilities that make adults unable to return 
to work to support themselves and their families and children less able to learn in 
school to become contributing, productive citizens [5, 16, 55, 75, 76]. As with any 
significant disability, the family suffers at least as much as the survivor does, and 
the economic impact to the family can be great.
In addition to deaths and disabling injuries to people, lightning often destroys 
livestock, the main source of income and wealth for many families in developing 
countries (Figure 9) [40]. Sometimes these incidents are reported by the media, 
but there is little reliable data on total livestock deaths or on damage to infrastruc-
ture such as utilities, mining, agriculture, and other industries. Additionally, the 
hundreds of languages in Africa confound good data gathering.
The effects of lightning damage to property has not only direct effects on the 
structure but also indirect economic effects including food spoilage from lack of 
refrigeration after electrical failure, electrical parts and repairs unaffordable or not 
available for days, hospitals without power, and expensive, nearly irreplaceable elec-
tronics damaged along with their databases and records [1, 40, 80]. It is estimated 
that aggregate economic losses to unprotected installations, both due to damage and 
downtime, will grow exponentially as a result of the explosive growth in usage of 
electronics, the extension of national power grids into rural areas, and mushrooming 
communication towers across Africa [35, 81–83]. Lightning damage to infrastructure 
occurs in countries that can ill afford more economic threats due to already strug-
gling with issues such as drought, HIV, underemployment, or civil strife.
In developed countries, lightning damage is almost always covered by insur-
ance. However, in Africa, studies indicate lack of penetration of insurance across 
the African continent. Conservative estimates put the extent of insurance coverage 
at as little as 3.5% of the potential African market [84]. For public health threats 
like lightning, lack of insurance can be devastating. In Africa, emergency response 
and medical care to victims without health insurance is limited or nonexistent. 
Businesses without insurance coverage may be forced to close.
Two stories illustrate the outcome lack of insurance coverage for lightning events 
can cause:
Figure 9. 
Cattle killed by lightning in South Africa. (photo courtesy Ian Jandrell).
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1. Reported on October 17, 2019, 11 head of cattle belonging to 1 farmer were 
killed by lightning at Mboza in northeastern KwaZulu-Natal, leaving the 
farmer unable to provide for his family as cattle farming was his only means of 
subsistence [85].
2. When a community radio station in northern Uganda was hit by lightning de-
stroying a major part of their infrastructure and equipment, lack of insurance 
forced it to close down [86].
The African Centres for Lighting and Electromagnetics Network (ACLENet - 
https://ACLENet.org) is a nonprofit organization dedicated to decreasing deaths, 
injuries, and property damage from lightning across Africa. It seeks to change the 
toll of lightning across Africa (Table 4) by addressing lightning from many aspects:
1. Establishing a database of news reports of injuries and property damage and 
encouraging individuals and the media to report them so that the impact of 
lightning on each nation’s citizens and economy can be assessed [23].
2. Educating the public on how lightning occurs, mechanisms of injury, and 
what individuals can do to protect themselves and their families [63, 87]. 
Due to extensive public education with involvement of the media, U.S. 
lightning deaths have decreased from over 100/year to less than 30/year for 
the past decade [17, 18, 62]. Fortunately, all the National Oceanographic and 
Atmospheric Administration (NOAA) lightning safety materials, curricula 
for schools, games, animations, posters, and public service announcements 
are free to download and use from the website [41]. Further, the authors of 
most of these materials are willing to work with African lightning safety 
advocates to “Africanize” the settings, languages, and idioms (personal com-
munications).
3. Protecting schools with code-compliant designs ([52], Figure 10). If children 
and teachers feel secure from lightning injury, they are more likely to attend 
school and continue their studies despite thunderstorms. One of the schools 
Figure 10. 
Installation of lightning protection system at a typical classroom building at Runyanya school, Uganda. Details: 
(A) air terminal; (B) down conductor; and (C) ground terminal or “earthing ring.” (©ACLENet).
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protected by ACLENet has written detailing that the surrounding community 
now feels safe to use the school as a meeting place since it was protected [88]. 
Effective lightning safety education and behavior change for communities 
begins with children in so many ways!
4. Decreasing the cost of LP by using local materials to avoid expensive imports 
and developing “templates” for schools and other common buildings that can 
be used across Africa.
5. Fostering graduate education to train Africa’s own experts. The University of 
Zambia is accepting the first class in lightning science and electrical engineer-
ing, a program developed under the mentorship of one of ACLENet’s founders, 
Chandima Gomes, to start January 2020.
6. Working with governments to assure implementation of internationally recog-
nized lightning protection codes consistent with IEC 62305-1,2,3,4 [52].
7. Working with utilities, mining, aviation, and other industries to provide light-
ning protection for infrastructure as well as lightning safety education for their 
staff.
8. Advocating improved training and professional qualifications for LP designers, 
engineers, and installers.
9. Conclusions
Lightning is a significant cause of weather-related death and injury across 
Africa [1, 5, 40]. While it is a largely preventable death in developed countries 
where “lightning-safe” areas are usually readily available and within a few feet of 
those threatened [1, 17, 18, 60, 77], the majority of sub-Saharan Africans are at risk 
24/7/365 due to living in dwellings that are not lightning-safe. Further risk factors 
include engaging in largely outdoor, labor-intensive work such as farming and 
shepherding [39]. Worshippers often meeting outdoors and children walking to 
or attending school, roadside shopkeepers, those walking to the market, working 
in mines, or other outdoor activities are also all at risk [1, 42]. Poor or nonexistent 
lightning detection systems, little or no incorporation of lightning data into fore-
casting, no warnings to the public and those at risk, cultural beliefs, and many other 
factors keep injuries, deaths, and property damage from lightning a substantial 
threat to entire families, schools, villages, and populations [1].
ACLENet was founded to address many aspects of lightning safety, public 
education, and injury prevention and to work with governments and other agencies 
with similar goals [89].
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Leprosy: Prevention and Control
Vaseem Anjum
Abstract
Hansen’s disease is one of the most ancient diseases that is still prevalent in the 
world. The causative agent, Mycobacterium leprae (M. leprae) has a long incuba-
tion period, clinical features after infection are identified late and these acid 
fast bacilli cannot be cultured – making leprosy a difficult disease to eradicate. 
Therefore the prevention and control of disease becomes more important. The 
shift of treatment from dapsone monotherapy to multidrug therapy regimen has 
given a new hope. The multidrug therapy coupled with the newer vaccines promise 
better results to prevent further transmission. Globally and locally the efforts to 
decrease the burden of leprosy by using different strategies has resulted in elimina-
tion of leprosy. But there is still a long way to go to make world free of this dreaded 
disease.
Keywords: leprosy, prevention, vaccine, disability, multidrug therapy, rehabilitation
1. Introduction
Mycobacterium leprae (M. leprae) is an acid fast bacilli that is the causative 
agent of leprosy disease which mainly effects the skin and peripheral nerves. In 
olden times leprosy was common in temperate climates (e.g. Europe), today it 
is mainly confined to tropical and subtropical regions. Mode of transmission in 
leprosy is mainly through inhalation of droplets containing the bacteria. But skin 
contact is also claimed by many leprologists. The disabilities and deformities associ-
ated with leprosy due to neuropathy leads to long-term consequences, including. 
This in turn is associated with stigma.
The immunity of the host plays an important role in disease progress and 
control. Thus, fortunately 95% of patients exposed to M. leprae will not develop 
this disease. The variation in incubation period ranges from 2 to 20 years, or 
even longer.
Leprosy has been successfully eliminated as a public health problem in 
2000 globally and at the national level in 113 countries out of 122 by 2005 [1]. 
Elimination of leprosy is defined by World Health Organization as a point 
prevalence below 1 per 10,000 population [2]. However, the number of new 
patients diagnosed with leprosy is still significant, at more than 200,000 in 2016 
globally. The new case detection rate of the disease (NCDR) is only slowly declining 
(Figure 1) [3].
The long incubation period, silent symptoms, long duration MDT and unavail-
ability of effective vaccine makes this disease difficult to identify, treat and 
eradicate. To add to the misery the stigma associated with the disease is another 
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2. Burden of disease
In 2017, 192,713 patients were on treatment globally which makes the prevalence 
rate of 0.25 per 10,000 population [4]. Total of 210,671 new cases were reported 
in same year from 150 countries making NCDR of 2.77 per 100,000 population. 
Figure 2 below shows the trends over the past decade (2008–2017) in new case 
detection of leprosy cases globally in the reporting countries of World Health 
Organization (WHO) [4].
Figure 1. 
Trend in case detection and case detection rate, by WHO region, 2006–2016 [3].
Figure 2. 
Country-wise trends of detection of new leprosy cases from 2008 to 2017 [4].
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3. Control of leprosy
The three main goals of control of leprosy are
a. To detect the pathology early and treat the patient completely.
b. To prevent the transmission to the others.
c. To prevent the disabilities and other complications.






4.1 Estimation of the burden of leprosy
The control of leprosy starts with the estimation of size and magnitude of the 
problem. Most common epidemiological survey method of collection of data is 
“Quick random sample survey.” Information about the prevalence of leprosy, age 
and sex-wise distribution, various forms of leprosy and the health facilities avail-
able should be gathered. Roughly the total prevalence of leprosy in an area would be 
about 4 times that of the cases found among school children [5, 6]. These estimates 
are essential to plan, implement and to evaluate the results of the control program.
4.2 Early Case Detection
The objective is to detect all the cases as early as possible and to register 
them. Active case finding is important as the disease is symptomless in the early 
stages. Cases can be detected by the Contact surveys, Group surveys and Mass 
surveys. Contact surveys consists of examination of all household contacts with 
a lepromatous case, particularly children, in areas with prevalence less than 1 per 
1000. Contact surveillance of households is recommended for a minimum period of 
10 years after case is declared bacteriologically negative, and for 5 years in house-
holds with a non-lepromatous case from the time of diagnosis of the index case. 
Group surveys are done in areas where prevalence of leprosy is more than 1 in 1000 
population. This consists of screening certain groups such as school children, slum 
dwellers, military recruits, industrial workers, etc. through “Skin camps.” Lastly, 
mass surveys consists of examination of each and every individual by house-to-
house visits in hyperendemic areas (prevalence – 10 or more per 1000 population). 
These are generally carried out by repeated annual examinations of school children 
which yield better results at relatively low cost [5, 6]. The data of each case is 
entered in the standardized proforma developed by WHO.
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4.3 Chemotherapy
Since an effective vaccine is unavailable for leprosy the secondary preven-
tion (early treatment) becomes more important. Until 1981, Dapsone (Diamino 
Diphenyl Sulphone—DDS) was used to treat leprosy which resulted in the develop-
ment of resistance and relapse, making leprosy control difficult.
Multidrug Therapy: In 1982, WHO recommended Multidrug Therapy (MDT) 
for all leprosy patients. Introduction of MDT has opened a new avenue in the control 
of leprosy in the world. Aim of MDT is to convert the infectious case into noninfec-
tious as soon as possible, so as to reduce the reservoir of infection in the community.
The main objectives of MDT are:
• To ensure early detection of the cases.
• To interrupt the transmission of infection.
• To prevent drug resistance, relapse and reaction.
The advantages of MDT over dapsone monotherapy are:
1. Shorter duration of treatment,
2. Better patient compliance,
3. High cure rate,
4. Cost-effectiveness and
5. Ease in health delivery system.
There are two types of MDT regimens used depending on the symptoms 
and signs shown by the patients - Paucibacillary (PB) and Multibacillary (MB). 
Recommended Regimens are discussed below [3, 5–7]:
i. Multibacillary leprosy:
MDT is recommended for following groups of patients:
• All smear positive cases.
• Skin lesions more than five in number.
• More than one nerve trunk thickening.
• All cases of relapse/reactivation and all cases who have been treated with 
Dapsone monotherapy earlier.
The drugs used in Multibacillary MDT and dosages are:
Rifampicin: 600 mg once monthly, supervised.
Dapsone: 100 mg daily, self administered.
 Clofazimine: 300 mg once monthly, supervised and 50 mg daily, self 
administered.
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Duration of treatment for Multibacillary leprosy is 12 months, can be extended 
to 18 months and continued where possible up to smear negativity. Sometimes LL/
BL patients with high bacilli may need 2–3 years or more of MDT for achieving 
bacteriological negativity.
ii. Paucibacillary leprosy:
The drugs and dose schedule is:
Rifampicin 600 mg once a month for 6 months supervised.
Dapsone 100 mg daily for 6 months self administered.
Paucibacillary leprosy is treated for 6 months.
MDT is not contraindicated in patients with HIV infection.
 Each MDT blister pack contains tablets for 4 weeks treatment. For easy  
identification color coding of the blister pack is done, that is, with differ-
ent colors for multibacillary and paucibacillary cases both in adults and 
children.
The treatment in both PB and MB cases varies depending on the age of the 
patient. The patients between 10 to 14 years are treated as paediatric cases, 
while >14 years are considered adult. The standard treatment regimen for MB 
leprosy in adults is given for 12 months. The drugs in each blister pack are 
(Figure 3):
 Two capsules of Rifampicin of 300 mg (600 mg once a month) to be taken as 
single dose under supervision.
 Clofazimine 3 capsules of 100 mg each to be consumed once a month as single 
dose under supervision and 50 mg daily for next 28 days.
Dapsone 100 mg as single dose and then daily once for 1 month.
The standard adult treatment regimen for PB leprosy is (Figure 4):
Rifampicin: 600 mg once a month.
Dapsone: 100 mg daily.
Duration: 6 months (6 blister packs of 28 days each).
Figure 3. 
MDT for adult MB type of leprosy [2, 7].
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Treatment regimen for MB leprosy in children (ages 10–14 years) is (Figure 5):
Rifampicin: 450 mg once a month.
Clofazimine: 150 mg once a month, and 50 mg every other day.
Figure 4. 
MDT for adult PB type of leprosy [2, 7].
Figure 5. 
MDT for pediatric MB type of leprosy [2, 7].
Figure 6. 
MDT for pediatric PB type of leprosy [2, 7].
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Dapsone: 50 mg daily.
Duration: 12 months (12 blister packs of 28 days each).
Treatment regimen for PB leprosy in children (ages 10–14 years) is (Figure 6):
Rifampicin: 450 mg once a month.
Dapsone: 50 mg daily.
Duration: 6 months (6 blister packs of 28 days each).
MDT is provided free-of-charge globally through an agreement between a phar-
maceutical company and WHO. WHO manages distribution of MDT to countries in 
coordination with national leprosy programs.
5. Surveillance
Clinical surveillance of the patients after completion of treatment is an impor-
tant part of MDT to ensure complete cure. For paucibacillary cases follow up for at 
least once a year for 2 years after completion of treatment and for multibacillary 
cases at least once a year for 5 years [3–5].
6. Immunoprophylaxis
Early diagnosis of cases, aggressive treatment and proactive measures to avoid 
complications and disabilities is the backbone for the success of any comprehensive 
program. In addition to accurate reporting and control measures, effective preven-
tions will be needed to achieve elimination. Search for an effective vaccine either to 
be used alone or in combination with a drug has been going for a long time.
Presently BCG (Bacillus Calmette-Guerin) is the only vaccine that has shown 
some protection against M. leprae bacillus. A single dose of BCG gives 50 percent 
or higher protection against the disease. It is the most widely used vaccine in the 
world, yet the degree of protection it confers is not yet confirmed. The meta-anal-
ysis of many experimental studies concludes that the vaccine gives approximately 
26% protection against leprosy. But the protection level decreases with time. To 
overcome this problem more than one dose of vaccine is advised.
Other variants of vaccination are also suggested.
a. Adding killed M. leprae to BCG: Various modifications have been suggested, 
such as the addition of killed M. leprae to BCG. This method almost doubles the 
vaccine efficacy in some populations as concluded by few studies. But the same 
cannot be said for patients below 15 years.
b. Vaccination with M. indicus pranii (Mycobacterium W): This strain discov-
ered in India. Testing of the MIP vaccine took place in 2005 and showed that it 
was effective for seven to 8 years, after which a booster dose would be needed 
to maintain the immunity. Recently the vaccine was approved by the Drug 
Controller General of India to be rolled out in a project involving five districts 
in the states of Bihar and Gujarat, where there are high rates of leprosy. Leprosy 
patients and their close contacts will benefit from this project, making India the 
first country in the world to have a large-scale leprosy vaccination initiative [8].
Another milestone in prevention of leprosy is the discovery of the vaccine 
candidate, called LepVax. Scientists at Infectious Disease Research Institute 
(IDRI), along with national and international collaborators including the 
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National Hansen’s Disease Program and the National Institute of Allergy and 
Infectious Diseases (NIAID), part of the National Institutes of Health, with fi-
nancial support from American Leprosy Missions, have developed this leprosy 
vaccine. Based on the preclinical studies, the LepVax, has progressed to Phase 
I clinical testing in the United States, the first stage of safety testing in human 
volunteers. The clinical trial is focused not only on safety but also evaluates the 
immune response of the individual to the vaccine.
c. Indian cancer research center (ICRC) bacilli: Another variant belonging 
to the M. avium intracellulare group, the ICRC bacilli are thought to induce 
lepromin conversion in lepromatous leprosy patients and in lepromin-negative 
leprosy-free individuals. Its efficacy was reported to be 65.5 percent [8].
d. M. vaccae: The studies with this soil-dwelling mycobacterial species com-
bined with BCG showed to provide greater protection against leprosy, but a 
Vietnamese trial contradicted the results [8].
e. M. Habana: This bacilli has been reported to induce lepromin conversion when 
used as a live vaccine in monkeys, and protected mice against the development 
of leprosy [8].
Chemoprophylaxis alone provides two-year protective window while effective 
immunization will provide a much broader protective window. Thus many studies 
and research is going on to provide both chemoprophylaxis and immunization for 
immediate and short-term protection and longer-term protection respectively. This 
strategy could have better impact and distinct appeal in controlling and preventing 
leprosy. Such trials could also provide a gateway for the assessment and implemen-
tation of new emerging vaccines (Figure 7).
7. Chemoprophylaxis (post-exposure prophylaxis)
Chemoprohylaxis using effective antibiotics focuses on providing protection 
to people at risk such as close contacts – family members, neighbors, co-workers, 
health care providers for lepers etc. Due to the stigma of disease the leprosy cases 
Figure 7. 
Locations of leprosy vaccine testing.
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are found in clusters in all endemic regions, rather than being evenly dispersed 
over the whole area. Thus these high risk people can be identified and prophylaxis 
provided along with secondary prevention strategies. The process includes focused 
surveillance, contact tracing, early diagnosis and treatment. This helps in reducing 
the incidence and breaking the chain of transmission.
Chemoprophylaxis, as recommended by WHO Guideline Development Group 
(GDG), is done using single dose rifampicin (SDR) for contacts of leprosy patients 
both in adults and children of 2 years of age and above. Before starting the drug 
leprosy and TB disease are to be excluded. There should be no contraindications also 
for the use of rifampicin.
Other important considerations for the implementation of this chemoprophy-
laxis by programs are:
i. Adequate management of contacts.
ii. Consent of the index case to disclose his/her disease.
An RCT found that SDR reduces risk of leprosy over 5–6 years in leprosy 
contacts. For every 1000 contacts treated with SDR, there were four leprosy cases 
prevented after 1–2 years and three cases prevented after 5–6 years.
Recommended dosage schedules for SDR are given in Table 1.
The limitations of this approach are:
a. The protection is approximately for only 2 years.
b. High bacillary load cannot be eliminated using single dose.
c. Specific screening test needed to distinguish between contacts with high and 
low bacillary load.
8. Deformity prevention and rehabilitation
Among communicable diseases, leprosy remains a leading cause of peripheral 
neuropathy and disability in the world, despite extensive efforts to reduce the 
disease burden. It is an important aspect of leprosy control. It means the medical, 
surgical, social, educational, and vocational restoration as far as possible of treated 
patients to normal activity so that they resume their place in the home, in society 
and industry [5–7]. Early treatment helps in disability limitation.
Rehabilitation: WHO has defined rehabilitation as “the combined and coordi-
nated use of medical, social, educational and vocational measures for training and 
retraining the individual to the highest possible level of functional ability.”
Age/weight Rifampicin single dose
Adults (≥15 years) 600 mg
10–14 years 450 mg
Children 6–9 years (weight ≥ 20 kg) 300 mg
Children <20 kg (≥2 years) 10–15 mg/kg
Table 1. 
Rifampicin dose for chemoprophylaxis [3].
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Preventive rehabilitation consists of prevention of development of disabilities 
in a leprosy patient by early diagnosis and prompt treatment. But once the patient 
becomes handicapped and suffers from the damage caused, should be trained and 
retrained to the maximum functional ability so that the patient becomes useful to 
self, to the family and to community at large by various measures such as medi-
cal (physical), surgical, psychological, vocational and social rehabilitation (Flow 
chart 20.10).
9. Health education
Health education is given to the patient, to the family and to the community at 
large about leprosy. The education should be directed to ensure general public and 
patients help them develop their own actions and efforts to change the perception 
about the disease and seeking professional help whenever required. Early recogni-
tion of symptoms, prompt diagnosis, health seeking behavior, personal care, treat-
ment adherence and rehabilitation are important aspects of health education. The 
key messages included are about the cause of disease and the complete cure avail-
able to encourage people for early diagnosis and treatment. It also aims at helping 
people to change their attitude and behavior by removing the misunderstandings 
and misconceptions. Mass Health education also helps to eradicate social stigma, 
social ostracism and social prejudice associated with leprosy which is the biggest 
hindrance for the eradication of disease.
10. Social and financial support
The complications of the disease cause disfigurement and disabilities which 
in turn gives way to the stigma and strong discrimination of these patients. This 
results not only in physical and social isolation also financial dependency, ulti-
mately forcing the leprosy patients to beg on streets for their survival. To address 
this issue WHO introduced the strategy of community-based rehabilitation (CBR). 
This intended to enhance the quality of life for lepers with disabilities through com-
munity initiatives. Community participation and using local resources to support 
the rehabilitation of people with disabilities within their own communities is the 
foundation of this concept [9, 10].
11. Programmatic measures
11.1 Prevention of leprosy globally
11.1.1  The enhanced global strategy for further reducing the disease burden due to 
leprosy 2011–2015
“Enhanced Global Strategy for Further Reducing the Disease Burden due to 
Leprosy for 2011–2015” was launched in 2009 by the World Health Organization. 
The target of the program was to reduce Grade 2 Disability rate (G2DR) in leprosy 
patients by at least 35% by the end of 2015 (G2DR is the number of new cases with 
grade 2 disability per 100,000 population). Since the elimination of leprosy in 2005, 
the prevalence is very less and thus G2DR has been proposed as an indicator. The 
advantage of G2DR as indicator is that, it is less susceptible to operational factors 
such as detection delay and is a more robust marker for mapping cases of leprosy in 
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any country. This will also help the program implementers to focus on interventions 
that reduce visible deformities by enhancing early detection and treatment of lep-
rosy patients and ultimately reduce the number of new leprosy cases in the popula-
tion. However by the end of 2015, only Thailand was able to achieve this target [11].
11.1.2 Global leprosy strategy 2016–2020: accelerating towards a leprosy-free world
In 2016, WHO launched the “Global Leprosy Strategy 2016–2020: Accelerating 
towards a leprosy-free world” [9].
The program aims to reinvigorate efforts to control leprosy and avert disabilities, 
especially among children still affected by the disease in endemic countries.
The strategy is built around three major pillars:
i. Strengthen government ownership and partnerships;
ii. Stop leprosy and its complications; and
iii. Stop discrimination and promote inclusion.
The strategy of this program is:
• To sustain expertise and increase the number of skilled leprosy staff;
• To improve the participation of affected persons in leprosy services;
• To reduce visible deformities and stigma associated with the disease;
• To call for renewed political commitment and enhanced coordination among 
partners;
• To highlight the importance of research and improved data collection and 
analysis.
The key interventions needed to achieve these targets include:
• Early case detection especially in children before visible disabilities occur thus 
reduce transmission;
• In highly endemic areas or communities detection of disease among higher risk 
groups through campaigns;
• Improving health care coverage and access for marginalized populations 
such as poor patients, patients in the difficult to reach areas and the areas of 
conflicts.
Customization of the strategic interventions in endemic countries is permitted 
to suit the national plans to meet the new targets. E.g. Screening all close contacts 
of persons affected by leprosy; initiating a shorter and uniform treatment regimen; 
and incorporating specific interventions against stigmatization and discrimination.
Its ultimate goal of this program is to further reduce the global and local leprosy 
burden, that is, (a) zero disabilities in children with leprosy-affected, (b) G2DR 
less than one per million population and (c) repeal of laws that discriminate leprosy 
patients of their rights.
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Laser have various periodontal applications including calculus removal (erbium 
yttrium scandium gallium garnet and erbium yttrium aluminum garnet lasers), 
decontamination of root and implant surfaces and bio stimulation, incision and 
ablation, osseous surgery, excision of the soft tissue, and bacterial reduction. This 
chapter analyzes the most important occasions in which lasers are used in implant 
and periodontal field practices. There is a strong evidence that laser is used for surgi-
cal and nonsurgical periodontal therapies including root bio modification, bacterial 
decline and decontamination of infected implant surface (in peri-implantitis), 
and removal of the pocket epithelium. This chapter also highlights the most com-
mon disadvantages as well as the advantages of using lasers in periodontal therapy. 
Waterlase® and Periowave™ systems are recent devices that have further revolu-
tionized the laser technology for its favorable clinical applications; however, the pro-
cedural cost with the laser device constitutes an obstacle for its routine application.
Keywords: erbium yttrium scandium gallium garnet laser, erbium yttrium aluminum 
garnet laser, periodontal therapy, peri-implantitis, bacterial reduction
1. Introduction
LASER, an abbreviation of light amplification by stimulated emission of radia-
tion, was first established by Maiman in 1960 [1], a scientist of the Hughes Aircraft 
Company. Based on the theory originally proposed by Albert Einstein, Maiman 
used the ruby crystal that produces a coherent radiant light when activated by 
energy. Goldman et al. [2], a dermatologist experimenting laser for tattoo removal, 
showed painless surface crazing of enamel after focusing two pulses of red light 
beam from ruby crystal. Following experiments by Stern and Sognnaes [3], pendu-
lum shifted from ruby laser to CO2 and Nd:YAG lasers for better interactions with 
dental hard tissues. The 1970s and 1980s sought use of lasers for soft tissue surgical 
procedures, and Lenz et al. [4] were among the pioneers to report oral surgical 
application of CO2 laser, together with Frame [5], Pecaro [6], and Pick [7] who used 
the same for oral soft tissue lesions and periodontal procedures. Myers and Myers 
[8] described the use of modified ophthalmic Nd:YAG laser for removal of dental 
caries and received the US FDA’s permission for selling Nd:YAG laser device in 
1989 [9]. After Myers’s suggested use in soft tissue surgery [10], Nd:YAG laser was 
eventually used in periodontal procedures [11, 12], and since then lasers have been 
used largely by researchers and clinical periodontal practitioners.
Lasers can be used in a focused beam (for excisions and incisions) and in an unfo-
cused beam (for ablation and coagulation). Some evidence suggests that lasers used 
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as an adjunct to scaling and root planning (SRP) may provide additional benefits [13]. 
It had been shown that using lasers in periodontal treatment had a beneficial role in 
controlling of bacteremia, bacterial reduction, effective subgingival calculus elimina-
tion (using Er:YAG lasers), improved eradication of the pocket epithelium in pockets 
involving teeth, and enhancement of periodontal regeneration in humans and ani-
mals without a destructive effect on the neighboring pulp tissues and bone [14–21]. 
In India the capability of using laser device at laboratories and institutes offers a huge 
chance to the researchers and scientists concerned in the field of free electron lasers, 
semiconductor lasers, solid-state lasers, and gas lasers [22]. So because of the impor-
tance of the subject and the wide use of laser in India, this chapter focuses on the most 
important types of laser used in the India as well as in Iraq.
2. Types of laser
In dental field, lasers can be categorized by different ways: according to the type 
of the affected tissue, soft tissue and hard tissue lasers; according to the medium of 
laser used, like solid laser and gas laser; and finally according to wavelength of laser 
that is being used.
2.1 Neodymium yttrium aluminum garnet laser
The neodymium yttrium aluminum garnet laser (Nd:YAG) wavelength is 
strongly absorbed by the pigmented tissue. There has been research on using the 
Nd:YAG laser for nonsurgical sulcular debridement in periodontal disease control 
[23]. Neodymium yttrium aluminum garnet laser is a very effective surgical laser for 
coagulating and cutting periodontal soft tissues, with good hemostasis [24]. In addi-
tion Nd:YAG laser is used in laser-assisted new attachment procedure (LANAP) [25].
2.2 Carbon dioxide laser
The CO2 laser has the advantage of rapid soft tissue elimination and hemostasis 
with a very shallow depth of penetration, and this advantage is due to its wave-
length which has a great affinity for water. Carbon dioxide laser has the highest 
absorbance of any laser [26], but it is associated with several disadvantages includ-
ing its high cost, relative large size, and its interactive destruction to the hard tissue.
2.3 Diode laser
Diode wavelengths are absorbed mainly by hemoglobin and pigmented tis-
sue (melanin). On the other hand, they are poorly absorbed by the enamel and 
hydroxyapatite. Laser wavelengths, ranging from 810 to 980 nm, are produced from 
the active medium of the diode laser which is a solid-state semiconductor made 
of gallium, aluminum, arsenide, and infrequently indium. Diode laser is used in 
particular procedures including soft tissue crown lengthening, aesthetic gingival 
(gingivoplasty), removal of inflamed soft tissue, exposure of soft tissue impacted 
teeth, frenectomies, and photostimulation of the herpetic and aphthous lesions [27].
2.4 Erbium laser
The erbium wavelengths have the highest absorption of water in any dental laser 
wavelengths and have a great affinity for hydroxyapatite. Two distinct wavelengths 
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of erbium lasers had been developed, including Er:YAG (yttrium aluminum garnet) 
lasers and Er,Cr:YSGG (yttrium scandium gallium garnet) lasers. Because of its 
great affinity for hydroxyapatite, it is the laser of choice for dealing with dental 
hard tissues [28], and because of its high absorption of water, erbium lasers can be 
used for periodontal soft tissue ablation, as dental soft tissue is composed of a high 
proportion of water [29].
3. Laser applications in periodontology
1. Soft tissue surgical applications
2. Removal of the pocket epithelium
3. Laser root conditioning
4. Bacterial reduction
5. Implant therapy
3.1 Soft tissue surgical applications
Lasers such as diode, CO2,Nd:YAG, Er:YAG, and Er,Cr:YSGG are being exten-
sively used in periodontal treatments including gingival soft tissue procedures such 
as gingivoplasty, gingivectomy, frenectomy, benign tumors or epulis elimination 
[30], irradiation of aphthous ulcers, gingival depigmentation, coagulation of free 
graft donor sites, second-stage exposure of dental implants [13], and crown length-
ening procedures [30]. This diversity of laser use is due to its superior properties 
over conventional scalpel procedures which include bacteremia reduction, ease of 
soft tissue ablation, hemostasis [30], slight wound contraction and slight scarring, 
immediate sterilization, edema reduction, mechanical trauma reduction, no or little 
operative and postoperative pain [13, 31, 32], improved patient acceptance [13], 
more rapid healing, little need for suturing, much easier technique, and necessitat-
ing no topical anesthesia [33].
The penetration depth of lasers differs, and therefore their performance dif-
fers, and lasers possibly cause a hazardous effect on the underlying tissues by 
thermal injury. Laser light is absorbed in the superficial layers in Er:YAG,CO2 and 
Er,Cr:YSGG lasers, and hence it has the advantage of being simple and rapidly 
vaporized from soft tissues, while other type of laser such as diode lasers and deeply 
penetrating Nd:YAG associate with more thermal influences, which consequently 
lead to formation of thick coagulation zone on the treated surface [21, 29, 30] and 
hence used similar to electrosurgical procedures [30]. Finkbeiner [34] has sug-
gested the usefulness of argon laser in soft tissue welding and soldering compared 
to conventional tissue closure method. Epithelial exclusion using CO2 laser had 
been suggested to retard its downward growth, and studies have shown effective 
removal of epithelium from gingival tissues without damaging the underlying con-
nective tissues [35, 36].
3.2 Removal of the pocket epithelium
Lasers are also used for soft tissue periodontal applications. The Nd:YAG was 
the first laser wavelength to be compared to the scalpel for treating periodontal 
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hence used similar to electrosurgical procedures [30]. Finkbeiner [34] has sug-
gested the usefulness of argon laser in soft tissue welding and soldering compared 
to conventional tissue closure method. Epithelial exclusion using CO2 laser had 
been suggested to retard its downward growth, and studies have shown effective 
removal of epithelium from gingival tissues without damaging the underlying con-
nective tissues [35, 36].
3.2 Removal of the pocket epithelium
Lasers are also used for soft tissue periodontal applications. The Nd:YAG was 
the first laser wavelength to be compared to the scalpel for treating periodontal 
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pockets [16] and controlling bacteremia and gingival bleeding [16, 18]. The  probing 
pocket depth and bleeding index scores were reduced using the pulsed Nd:YAG 
laser. Furthermore, clinical evaluation of soft tissue biopsies taken from human 
subjects using the Nd:YAG laser versus a curette presented a complete removal 
of the epithelium of the pocket after use of the pulsed Nd:YAG laser compared to 
the curette [15]. Similar effects presented in pig jaws (in vitro) after the use of a 
980 nm diode laser with 2–4 W power settings and continuous wave compared to 
the conventional curette [37]. There are advantages in the postsurgical outcomes 
with the removal of pocket epithelium. A recent clinical study in India showed that 
the modified Widman flap with removal of the pocket epithelium was more effec-
tive in reducing mean probing depth than access flap with intrasulcular incision. It 
showed greater gain of clinical attachment and demonstrated less gingival recession 
[38]. When deep periodontal pockets are present, removal of the pocket epithelium 
using a fiber-optic glass laser offers benefits. With or without flap elevation and 
a conventional periodontal access flap procedure, the pocket epithelium will be 
removed from the inner and the outer part of the pocket. Depending on how the 
patient heals, the epithelium can later be ablated every 7–10 days from the outer 
part of the pocket, usually under the use of topical anesthesia, in order to control 
apical migration. This can result in long-term, stable connective tissue attachment, 
without gingival recession. The principle underlying this approach is guided tissue 
regeneration; it has been called “laser-assisted guided tissue regeneration” [39]. 
This approach should be evaluated in different prospective clinical studies involv-
ing many patients and following exactly the same protocol in order to establish that 
it is a technological improvement that should be incorporated routinely in daily 
practice. Both clinical case series and clinical research have shown the potential 
of this application using the CO2 laser, since the noncontact handpiece is able to 
ablate tissues very quickly, controlling the epithelial cell proliferation and further 
apical migration of a long junctional epithelium. Israel et al. [20] were able to 
demonstrate histologically the effects of this de-epithelialization technique in 
humans. The technique involves using the CO2 laser to remove (ablate) the inner 
part of flap after conventional periodontal flap elevation and then using the same 
method in the outer part of the flap to achieve epithelial retardation. Case series in 
patients with generalized advanced periodontal disease have shown that the laser 
de-epithelialization technique leads to good results without the need for multiple 
membrane therapy [40, 41].
3.3 Laser root conditioning
The use of CO2 lasers to decontaminate root surfaces has been investigated, pro-
viding more information about the exact power settings and parameters required 
to avoid root damage. Barone et al. [42] showed that a defocused, pulsed CO2 laser 
is able to create smooth and clean root surfaces compared to a focused, continuous 
wave; the latter leads to melting and root surface damage. Later studies using the 
same parameters for CO2 lasers reported root conditioning with a better fibroblastic 
activity, cellular proliferation, and greater fibroblast attachment [43]. Different 
clinical case reports have demonstrated these advantages of CO2 laser de-epitheliali-
zation [44]. This technique has also been used in clinical studies and has shown that 
coronal flap advancement in conjunction with CO2 laser root conditioning leads to 
improvements in clinical parameters and long-term tissue stability after 15 years, 
compared to the modified Widman periodontal flap procedure [45]. The authors 
concluded that this laser technique seemed to have greater effects and should be 
used in treating deep periodontal pockets (more than 7 mm deep).
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3.4 Bacterial reduction
A laser application that has been especially promoted in the past is for the reduc-
tion of bacteria in pockets, due to the high absorption of specific laser wavelengths 
by the chromophores. Initially, the use of an Nd:YAG laser was shown to reduce the 
load of Porphyromonas gingivalis and Prevotella intermedia [46]. A study by Assaf 
et al. [47] is of special interest. Using a diode laser in conjunction with ultrasonic 
scaling for treatment of gingivitis, they were able to show a significantly lower 
incidence of bacteremia in the diode + ultrasonic group (36%) than the ultrasonic 
only group (68%). They suggested that diode lasers should be used to prevent bac-
teremia, especially in immunocompromised patients. Using a 980 nm diode laser to 
reduce periodonto-pathogenic bacteria in patients with aggressive periodontitis has 
also been investigated. Kamma et al. [48] confirmed that it was possible to reduce 
the total bacterial load in pockets without the use of any systemic antibiotic therapy. 
Clinical case series with 10 patients using in the same patient (in a randomized pro-
tocol) SRP in conjunction with 980 nm diode laser, SRP and an Nd:YAG laser, and 
SRP with photodynamic therapy (PDT) showed that the PDT was able to reduce 
significantly the bacteria in the pockets and provide a predictable clinical outcome 
for 3 months. In contrast to that, the use of Nd:YAG laser was not very beneficial 
and was similar to the control (SRP) group [49]. Due to the bacteria reduction and 
the reduced bleeding on probing provided by the PDT, the PDT was recommended 
for periodontal patients especially for the maintenance appointments.
3.5 Laser applications in implant dentistry
In the previous years the important role of laser in dental implant treatment has 
been discussed widely [50]. Because of the lack of comparable test and control sites, 
it is difficult nowadays to know if lasers, with their different types, can be used to 
treat peri-implantitis using randomized clinical trials [51]. Removal of peri-implant 
soft tissues and bacterial reduction, uses of laser in second-stage surgery [52], and 
decontamination of failing implants [53] are the most important applications for 
lasers in implant dentistry. However there are a lot of limitations of using laser in 
implant dentistry including the serious alarms about the overheating of the implant 
and the concern about the melting of the implant surface [54, 55], as well as the 
fears regarding missing of the re-osseointegration after peri-implantitis treatment 
with lasers. In recent years a lot of reviews have concentrated on these limitations 
and gave additional facts about re-stabilization and re-osseointegration of the 
implants subsequent to the laser decontamination of the implant surface [56]. 
Deppe et al. [57] showed that CO2 laser decontamination of the surface of implants 
placed in dogs allowed new bone to grow and be in contact with the implant 
surface (re-osseointegration). In vitro studies of osteoblasts have confirmed these 
effects for CO2 and Er,Cr:YSGG lasers [58]. Previous clinical case series were able 
to demonstrate new bone fill and long-term success of failing implants that were 
decontaminated with a CO2 laser [59, 60]. The main advantage of using CO2 laser 
irradiation on implant surfaces is that this wavelength does not pose the risk of 
overheating [61], unlike other wavelengths, such as that of diode, Nd:YAG, and 
Er:YAG lasers [62, 63]. A significant increase of the implant surface temperature has 
been demonstrated when irradiating implant surfaces with a diode laser in vitro for 
more than 10 s [62–64]. It is possible that authors have presented unsuccessful and 
nonpredictable clinical results from their studies because of overheating resulting 
from inconsistent power settings [65]. Limited facts available regarding laser-
assisted decontamination of implant surfaces, with a limited number of included 
Public Health in Developing Countries - Challenges and Opportunities
148
pockets [16] and controlling bacteremia and gingival bleeding [16, 18]. The  probing 
pocket depth and bleeding index scores were reduced using the pulsed Nd:YAG 
laser. Furthermore, clinical evaluation of soft tissue biopsies taken from human 
subjects using the Nd:YAG laser versus a curette presented a complete removal 
of the epithelium of the pocket after use of the pulsed Nd:YAG laser compared to 
the curette [15]. Similar effects presented in pig jaws (in vitro) after the use of a 
980 nm diode laser with 2–4 W power settings and continuous wave compared to 
the conventional curette [37]. There are advantages in the postsurgical outcomes 
with the removal of pocket epithelium. A recent clinical study in India showed that 
the modified Widman flap with removal of the pocket epithelium was more effec-
tive in reducing mean probing depth than access flap with intrasulcular incision. It 
showed greater gain of clinical attachment and demonstrated less gingival recession 
[38]. When deep periodontal pockets are present, removal of the pocket epithelium 
using a fiber-optic glass laser offers benefits. With or without flap elevation and 
a conventional periodontal access flap procedure, the pocket epithelium will be 
removed from the inner and the outer part of the pocket. Depending on how the 
patient heals, the epithelium can later be ablated every 7–10 days from the outer 
part of the pocket, usually under the use of topical anesthesia, in order to control 
apical migration. This can result in long-term, stable connective tissue attachment, 
without gingival recession. The principle underlying this approach is guided tissue 
regeneration; it has been called “laser-assisted guided tissue regeneration” [39]. 
This approach should be evaluated in different prospective clinical studies involv-
ing many patients and following exactly the same protocol in order to establish that 
it is a technological improvement that should be incorporated routinely in daily 
practice. Both clinical case series and clinical research have shown the potential 
of this application using the CO2 laser, since the noncontact handpiece is able to 
ablate tissues very quickly, controlling the epithelial cell proliferation and further 
apical migration of a long junctional epithelium. Israel et al. [20] were able to 
demonstrate histologically the effects of this de-epithelialization technique in 
humans. The technique involves using the CO2 laser to remove (ablate) the inner 
part of flap after conventional periodontal flap elevation and then using the same 
method in the outer part of the flap to achieve epithelial retardation. Case series in 
patients with generalized advanced periodontal disease have shown that the laser 
de-epithelialization technique leads to good results without the need for multiple 
membrane therapy [40, 41].
3.3 Laser root conditioning
The use of CO2 lasers to decontaminate root surfaces has been investigated, pro-
viding more information about the exact power settings and parameters required 
to avoid root damage. Barone et al. [42] showed that a defocused, pulsed CO2 laser 
is able to create smooth and clean root surfaces compared to a focused, continuous 
wave; the latter leads to melting and root surface damage. Later studies using the 
same parameters for CO2 lasers reported root conditioning with a better fibroblastic 
activity, cellular proliferation, and greater fibroblast attachment [43]. Different 
clinical case reports have demonstrated these advantages of CO2 laser de-epitheliali-
zation [44]. This technique has also been used in clinical studies and has shown that 
coronal flap advancement in conjunction with CO2 laser root conditioning leads to 
improvements in clinical parameters and long-term tissue stability after 15 years, 
compared to the modified Widman periodontal flap procedure [45]. The authors 
concluded that this laser technique seemed to have greater effects and should be 
used in treating deep periodontal pockets (more than 7 mm deep).
149
Laser Applications in Periodontology
DOI: http://dx.doi.org/10.5772/intechopen.88046
3.4 Bacterial reduction
A laser application that has been especially promoted in the past is for the reduc-
tion of bacteria in pockets, due to the high absorption of specific laser wavelengths 
by the chromophores. Initially, the use of an Nd:YAG laser was shown to reduce the 
load of Porphyromonas gingivalis and Prevotella intermedia [46]. A study by Assaf 
et al. [47] is of special interest. Using a diode laser in conjunction with ultrasonic 
scaling for treatment of gingivitis, they were able to show a significantly lower 
incidence of bacteremia in the diode + ultrasonic group (36%) than the ultrasonic 
only group (68%). They suggested that diode lasers should be used to prevent bac-
teremia, especially in immunocompromised patients. Using a 980 nm diode laser to 
reduce periodonto-pathogenic bacteria in patients with aggressive periodontitis has 
also been investigated. Kamma et al. [48] confirmed that it was possible to reduce 
the total bacterial load in pockets without the use of any systemic antibiotic therapy. 
Clinical case series with 10 patients using in the same patient (in a randomized pro-
tocol) SRP in conjunction with 980 nm diode laser, SRP and an Nd:YAG laser, and 
SRP with photodynamic therapy (PDT) showed that the PDT was able to reduce 
significantly the bacteria in the pockets and provide a predictable clinical outcome 
for 3 months. In contrast to that, the use of Nd:YAG laser was not very beneficial 
and was similar to the control (SRP) group [49]. Due to the bacteria reduction and 
the reduced bleeding on probing provided by the PDT, the PDT was recommended 
for periodontal patients especially for the maintenance appointments.
3.5 Laser applications in implant dentistry
In the previous years the important role of laser in dental implant treatment has 
been discussed widely [50]. Because of the lack of comparable test and control sites, 
it is difficult nowadays to know if lasers, with their different types, can be used to 
treat peri-implantitis using randomized clinical trials [51]. Removal of peri-implant 
soft tissues and bacterial reduction, uses of laser in second-stage surgery [52], and 
decontamination of failing implants [53] are the most important applications for 
lasers in implant dentistry. However there are a lot of limitations of using laser in 
implant dentistry including the serious alarms about the overheating of the implant 
and the concern about the melting of the implant surface [54, 55], as well as the 
fears regarding missing of the re-osseointegration after peri-implantitis treatment 
with lasers. In recent years a lot of reviews have concentrated on these limitations 
and gave additional facts about re-stabilization and re-osseointegration of the 
implants subsequent to the laser decontamination of the implant surface [56]. 
Deppe et al. [57] showed that CO2 laser decontamination of the surface of implants 
placed in dogs allowed new bone to grow and be in contact with the implant 
surface (re-osseointegration). In vitro studies of osteoblasts have confirmed these 
effects for CO2 and Er,Cr:YSGG lasers [58]. Previous clinical case series were able 
to demonstrate new bone fill and long-term success of failing implants that were 
decontaminated with a CO2 laser [59, 60]. The main advantage of using CO2 laser 
irradiation on implant surfaces is that this wavelength does not pose the risk of 
overheating [61], unlike other wavelengths, such as that of diode, Nd:YAG, and 
Er:YAG lasers [62, 63]. A significant increase of the implant surface temperature has 
been demonstrated when irradiating implant surfaces with a diode laser in vitro for 
more than 10 s [62–64]. It is possible that authors have presented unsuccessful and 
nonpredictable clinical results from their studies because of overheating resulting 
from inconsistent power settings [65]. Limited facts available regarding laser-
assisted decontamination of implant surfaces, with a limited number of included 
Public Health in Developing Countries - Challenges and Opportunities
150
studies, as well as the great heterogeneity of the results had been pointed out by a 
recent systematic review. Nevertheless, even though data is incomplete regarding 
the clinical use of CO2 (10.6 nm) lasers in the surgical treatment of peri-implantitis, 
its use appears promising [66].
The following summary of advantages and disadvantages of using lasers for 
periodontal therapy is based on the literature and the author’s experience.
4. Advantages of using lasers in the periodontal therapy
Less pain. Less need for anesthetics (an advantage for medically compromised 
patients). No risk of bacteremia. Excellent wound healing. No scar tissue formation. 
Bleeding control (dependent on the wavelength and power settings). Usually no need 
for sutures. Use of fewer instruments and materials and no need for autoclaving (eco-
nomic advantages). Ability to remove both hard and soft tissues. Lasers can be used in 
combination with scalpels (however, the laser is a tool and not a panacea) [67].
5. Disadvantages of using lasers in periodontal therapy
Relatively high cost of the devices. A need for additional education (especially 
in basic physics). Lasers do not eliminate the need for anesthesia. Every wavelength 
has different properties. The need for implementation of safety measures (i.e., 
goggle use, etc.) [68].
6. Healing following laser therapy
Despite apparent benefits of lasers regarding patient compliance and clini-
cal observation, there are no enough data to support that laser is associated with 
reduced scarring, which itself appears to be different according to the wavelength 
and extremely related to the energy density, and there are no enough data to 
support quicker healing associated with laser therapy [13]. Limited experimental 
animal studies [68, 69] involving CO2,Nd:YAG, diode lasers, or Er:YAG have evalu-
ated the histological and immunohistochemical patterns of periodontal tissue 
healing following surgical and nonsurgical periodontal therapy. Sculean et al. [70] 
and Yukna et al. [71] reported healing response of intrabony defects after open flap 
surgery or treatment using a laser-assisted new attachment procedure in humans 
using Er:YAG and Nd:YAG lasers, respectively. Lippert et al. [72] claimed that CO2 
laser-induced wounds in oral and oropharyngeal mucosa healed significantly faster 
(in 32.8 ± 9.2 days) than those created by Nd:YAG laser (in 40.4 ± 9.2). However, 
in contrast to conventional scalpel surgery, the histological findings showed that 
the beginning of wound healing was delayed after laser surgery, and it depends on 
the size of the initial defect. Due to the more pronounced zone of necrosis at the 
base of the wound ground, this effect is more evident using the Nd:YAG laser [72]. 
Although, as compared to conventional treatment, overall [72] as well as initial 
periodontal wound healing laser application [73] has been shown to be delayed, 
few studies have reported that laser-induced wounds show a reduced propensity 
of contraction of the scar in comparison to the usual surgeries of scalpel [13]. 
Low-level laser treatment by GaAIAs radiation in milliwatt range has been shown 
to be effective in recent studies, as it absolutely affects proliferation of fibroblasts 
in gingiva or periodontal ligament, so it consequently maintains peri-implant and 
periodontal wound healing [73].
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7. Latest advances
Waterlase® system is a revolutionary dental device that uses laser-energized 
water to cut or ablate soft and hard tissues and provide periodontists with the 
opportunity to perform more procedures in fewer appointments with less need 
for anesthesia, scalpels, and drill [74]. Periowave™, a photodynamic disinfection 
system, utilizes nontoxic dye (photosensitizer) in combination with a low-intensity 
laser, enabling singlet oxygen molecules to destroy bacteria [75]. After applying a 
light-sensitive drug (photosensitizer), low-intensity laser is directed on the area 
treated with the drug resulting in phototoxic reactions. Although the use of pho-
tosensitizers for complete suppression of the anaerobic perio-pathogens has been 
suggested, the same is not true for facultative anaerobes [76].
8. Cost and safety
Laser safety officer (LSO) is an elected, well-trained individual who guides 
safety of laser performs and confirms a harmless surroundings for exhausting it, 
as an important part of giving dental treatment with laser device is protection and 
safety. All clinicians must be aware and take care of the prevention of accidental 
and hazardous irradiation. The patient, clinician, and assistant must wear a protec-
tive eyewear particular for the wavelength and the type of laser in use. Additionally, 
the clinician should follow laser safety rules and join certificate courses by dental 
laser organizations; however the size and the cost of laser device still create a dif-
ficulty and a struggle for its practical application [77].
9. Conclusion
Lasers have been suggested as an adjunctive or alternative to conventional 
techniques for various periodontal procedures and considered superior in respect 
to easy ablation, decontamination, and hemostasis besides less postoperative pain 
and less operative pain. Application of lasers with their different types in implant 
dentistry and the recent laser practical modalities had revolutionized the outcome 
of periodontal therapy with patient acceptance. But, procedural cost and patient 
risk should be kept in mind and completely assumed before laser use.
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Development of a Rough Terrain 
Wheelchair Design
Ignatio Madanhire, Loice Gudukeya and Roy Mushonga
Abstract
Conventional wheelchairs do not cope well in less-resourced rural areas as they 
are not stable and can topple easily. This chapter seeks to develop a wheelchair 
design that offers optimum stability and comfort for people in rural areas where 
there is rough and uneven terrain environment. The design development process 
entailed the generation of three possible wheelchair design concepts. Wide rear 
wheel design was further developed to come up with a detailed design with a 
maximum tipping angle of 43.17 degrees. This could be considered to be a great 
improvement compared to the conventional wheelchair configuration. The design 
was made to function using a ratchet lever bar to push the rear wheels forward to 
initiate motion. It was established that fabrication of the prototype could be done 
easily at a lower cost cap of USD200 using locally available materials. The proposed 
wheelchair design would improve the mobility and consequent living conditions of 
those disabled individuals living in rough terrain rural set up environments.
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1. Introduction
Wheelchairs may take a variety of forms to meet particular needs of users. 
Such configurations may entail specialized seating set up, individualized control-
ling mechanisms, and in some cases specific to certain activities, as is the case 
with sports and beach wheelchairs [1]. The commonly known distinction among 
wheelchairs is between powered wheelchairs, where mobility is powered by 
batteries and electric motors, and manual propulsion, where the propulsive force 
is provided by the user pushing the wheelchair by hand, or by having someone 
pushing from the rear [2].
The user of a standard wheelchair, when utilizing the wheelchair on rough ter-
rain, is confronted with a plenty of difficulties. The most exceedingly awful being, 
the unsteadiness brought about by a high position of gravity point from the wheel 
contact with the ground [3]. In this manner wheelchair may topple over in reverse 
during negotiating steep slanted territory. When horizontally navigating a steep 
grade, the wheelchair is probably going to tip sideways [4]. During descending a 
slope, the operator may risk sliding out of the seat or having the seat unstable and 
having a forward pitch [5].
Most wheelchair designs are not conducive for use in rough terrain (Figure 1) 
found in the rural country side, nonetheless this should not discourage those who are 
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unable to walk to work for themselves and earn a living [6]. It is in this regard that 
some effort has been made to improve the mobility of wheelchair users so that they 
are able to move from one point to the other despite how rough the terrain maybe.
2. Background
Users of wheelchairs continue to encounter some difficulties as they seek to 
navigate from one point to the other on rough terrain due to lack of stability when 
using rural off-road environment pathways [4]. Most existing wheelchairs are not 
suitable for use on extremely rough terrain thereby compromising the safety of the 
occupant [7]. Hence the objective of this chapter to design a wheelchair frame that 
offers optimum stability on rough terrain and does not readily overturn.
Effort to navigate extreme rugged pathways in a rural setting could be a chal-
lenge, such that even a great modern wheelchair may be found to be of limited 
usefulness [8]. What could be needed is an off-road design that is easy to manufac-
ture and repair compared to designs done for a city environment where there are 
sidewalks. All terrain wheelchairs can increase the mobility range and access by 
taking occupant where one always wanted to go but were not able [9]. All terrain 
wheelchairs could be in various shapes and sizes, powered, manual and sometimes 
with a lever drive. Some have specific advantages such as the ability to maneuver on 
loose terrain covered by sand or gravel, in snow, over hilly terrain or on hills [10].
It is the unstable nature of existing wheelchair frames that demands for a 
wheelchair design modification to ensure increased increase stability on “non-ideal” 
terrain surfaces. Such rugged terrain may entail (but are not limited to): gravel, 
grass, dirt, and cracked asphalt or concrete. A wheelchair design modification is 
required for successful traversing of the adverse terrain while keeping four points of 
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and comfort for the operator [11]. It is the intention of this chapter to improve the 
current design within a reasonable cost range that most users within the rural area 
and other low-income earners category can afford to buy.
3. Wheelchair literature review
3.1 Design and standards
The intended mandate is come with a design with improved performance that 
provides requisite seating and postural support without compromising strength, 
durability and safety [12]. The International Organization for Standardization 
(ISO) formulated international standards for wheelchair frames, the ISO 7176 series 
(1). The series specify the relevant terminology and testing processes to evaluate 
wheelchair parameters such as performance, size, strength, durability and safety. In 
some cases, the required conditions in the ISO 7176 series may not capture all typical 
requirements in less-resourced environment, as some of the requirements were meant 
to simulate the conditions in city environs with smooth tarred roads. It is therefore 
necessary to consider varied environments when formulating national standards, by 
looking at key parameters such as the weights and sizes of users, typical uses, and the 
available wheelchair designs and associated technologies within the country [13].
3.2 General considerations
Wheelchair configuration should afford users to partake in whatever number 
life exercises as could be allowed. As a base prerequisite, a wheelchair ought to allow 
the operator to lead an increasingly dynamic existence without having any antago-
nistic impact on one’s well-being or security. Solace and well-being comprise the 
two significant perspectives that influence the personal satisfaction of happy wheel-
chair users [14]. The well-being and security of operators ought not to be under-
mined so as to lessen costs during structure improvement. In spite of the fact that it 
might be contended that any wheelchair is superior to no wheelchair, this cannot be 
correct when the wheelchair turns into the reason of well-being dangers. It is in this 
respect a wheelchair ought to be intended to guarantee the client’s improved great 
well-being and convenience [15].
3.3 Common wheelchair limitations
The basic difficulties that a standard wheelchair faces involve challenges 
while crossing lopsided surfaces or negotiating hindrances in the pathway. Such 
problems may be the failure to continue any further when a wheel gets stuck in a 
downturn, with the end result that when the user endeavors to free oneself, the 
seat may get agitated and topples [7]. A comparative issue, with similar results, 
may happen when endeavoring to cross obstructions, for example, rocks, logs 
or curbs the pathway (Figure 2). A surface not smooth, covered with scrub and 
stones, may likewise be considered as uneven or unpredictable consequently 
imposing difficulties to mobility.
There are also cases where the user may be unable to generate enough sustained 
human power to climb steep grades. Thus, the conventional wheelchair has limited 
capability to traverse steep inclines [7]. The standard wheelchair typically uses nar-
row width pneumatic tires which can easily get punctured by branches, rocks and 
the like. When utilized in sandy, loose and unstable soil, the wheels sink and the 
occupant may get stuck in the process [16].
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3.4 Mechanisms to negotiate uneven terrain
The system should allow for significantly more maneuverability on uneven (off-
camber) terrain than the standard wheelchair. The suspension would manage the 
off-camber surfaces through autonomous adjustments (Figure 3), when the user 
Figure 3. 
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is on an incline of around 10 degrees. As the right shock compresses and the left 
relaxes, consequently enabling the seat to level itself, offering greater stability to the 
wheelchair structure seat. The determination of shocks ought to take into consider-
ation autonomous control of spring rate and damping ratio, consequently enabling 
the system work even in a stationary situation as well [17].
Different obstacles may require the suspension to work autonomously, for 
instance, a block of wood or a crack in the walkway can be effectively explored with 
the same suspension framework. As given in Figure 4, the right side of the wheel-
chair must articulate upwards so as to keep up all the four wheels in contact with the 
ground surface, as the wheelchair moves over the obstructions. The right rear shock 
compresses, while the others adjust to equilibrium, allowing for all four wheels to 
have some type of contact, and a resulting good stability is achieved [18].
The operators explore obstructions in their everyday life. A number of these 
snags require autonomous wheel articulation, while others may require the shocks 
to work in unison. A typical impediment that wheelchair clients face everyday (or 
avoid) is the street curb. Assuming the user is moving on a path perpendicular to 
the curb, the wheels will act in unison as the back end of the chair rolls off of the 
curb, with the suspension absorbing the force. This is not a navigation that could be 
safely done in a conventional wheelchair [18].
In some cases, there can be need to attach a set of wide auxiliary wheels or wheel 
extensions to the standard wheelchair for it to be stable when used off road on sandy, 
loose or unstable terrain. Of late, a couple of expansive tire-like plastic or elastomeric 
treads are connected and fitted onto the back wheels of the wheelchair to give a 
substitute handhold grip to the user in a way similar to mounted standard wheels 
arrangement above [19]. The treads are additionally marginally recessed inward from 
the original tire, being of a smaller diameter than the back wheel, to allow the wheel-
chair to ride exclusively on the tire on hard surfaces and make drive on such surfaces 
equivalent to one would typically anticipate. The treads act together with a second 
pair of lightweight plastic wheels which are adjusted to fit on either side of every one 
of the two stanchion mounted front wheels, the combination acting to give an broad 
bearing surface to better steadiness, load bearing capacity and simpler controlling of 
said vehicle when utilized on said sandy, loose or shaky landscapes. The wheelchair 
may likewise be fitted with an anti-tip over mechanical assembly to prevent flipping 
in reverse when navigating difficult landscape and to allow the wheelchair to be 
moved in an upward angled position which puts the most substantial portion of the 
weight on the back wheel, increasing grip on the shaky terrain [19].
Figure 4. 
Independent pass over obstacle [18].
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Push-bar outfitted gadget permits structures that allow people of varying physi-
cal strength to move the wheelchair along a wide scope of landscapes, including 
delicately tricky terrain. The push-bar enable the users to initiate mobility without 
hand to wheel system. The unique design drives the chair forward with a forward 
movement of the drive bars while pulling back on the push-bars effects the braking 
mechanism. Turning is accomplished with a forward movement on one push-bar 
and a backward movement on the other push-bar. The off-road seat of this design 
offers the operator a multi-speed equipped favorable advantage over traditional 
wheelchairs. Changing into lower gears for very adverse terrain such as sandy 
environment, gives the operators the opportunity to go where they have not had the 
option to go with conventional wheelchairs. Just changing into higher gears consid-
ers allows for movement on pavement and other hard surfaces. The push-bars are 
removable and may consequently be put away with so that the wheelchair might be 
moved utilizing traditional hand-to-wheel pushing [20]. This component enables 
the user to deal with a wide range of landscapes and conditions that are normally 
restrictive to operators of ordinary wheelchairs and power wheelchairs to be used 
particularly in open air situations and elements for example forest floors, uneven 
and harsh terrain. Further, it very well may be utilized to conquer numerous every 
day snags, for example, curbs and high thresholds [21]. It is advantageous for people 
with less upper body and arm strength. Accordingly, it accommodates more inde-
pendent participation in open air exercises, such as hunting, chasing, and so forth.
The review above points toward one thing that current rough terrain wheelchairs 
do not provide total stability (“not ideal”). Thus, there is still a need to come up with a 
wheelchair that will prevent the user either toppling backward, forward or sideways.
4. Materials and methods
The design development process entailed coming up with a design that improves 
the wheelchair stability mechanism, safety precautions as well as reduce power-
ing requirements. Some investigations were done on existing all-terrain stability 
mechanisms, including the possibility of redesigning the wheels and adjusting the 
center of gravity for improved stability. The safety of the operator, the machine and 
influence to the nearby environment were considered among other key parameters. 
Some effort was made to ensure that the final framework of the wheelchair would 
address the issues of user safety.
The researchers carried out a study on current wheelchair powering methods as 
well as noting their efficiencies. Power transmission mechanism was fundamental 
in achieving speed and power. Some engagement with different disability organiza-
tions was done to acquire first hand expectations of users.
The generated design concepts were evaluated and analyzed for suitability for 
adoption. The chosen concept was further developed to come up with dimensions 
of the wheelchair, sizing of the wheelchair parts, material selection and detailed 
drawing of the final design. The detailed drawings were drawn using AutoCAD 
(2007) and Autodesk Inventor (2017) was used to simulate the strength of the 
wheelchair frame. The bill of materials was drawn up and the cost estimate and the 
feasibility of fabricating the prototype unit in the local workshop were done.
5. Design concept generation
The concepts were formulated based on the ability of the design to meet the 
objective criteria which were: reliability, maintainability, efficiency, robustness, 
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machinability, stability, safety, cost, ease of operation, and weight. Three possible 
design solutions were generated for the off road wheelchair as explained in the 
following sections.
5.1 Cambered rear wheels concept
The wheelchair is operated like a normal conventional wheelchair, by pushing the 
wheels forward. Sideways stability is affected by wheelchair width (Figure 5). The 
rear wheels are tilted inwards to increase the base width thus stabilizing the chair. A 
back-caster wheel is fitted to prevent the wheelchair from falling backwards.
The further out to the side of the wheelchair base, the more the chair l resists 
tipping over sideways. The camber pushes the wheels nearer to the wheelchair user 
and more in accordance with the operator’s forward push stroke, therefore making 
it simpler to push. This can be particularly useful for ladies, who normally have 
smaller shoulders yet more extensive hips than men. Additionally, with camber-
ing, traction is improved when navigating slopes. The wheelchair provides more 
stability, comfortable seating and it is better for overweight people. On the other 
hand, a wide wheelchair is more difficult to get through narrow pathways as camber 
increases the width of the wheelchair. Most anti-tip designs restrict the wheelchair’s 
ability to travel over uneven surfaces (such as kerbs or dips). It is also hard to push.
5.2 Extended front caster wheels concept
The user propels the wheelchair forward by pushing the rear wheels to the front. 
A back-caster wheel is fitted to prevent the wheelchair from tipping backwards. 
Figure 5. 
Cambered rear wheels.
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Forward stability is affected by the size and position of the front castor wheel in 
relation to the operator’s center of gravity. The front caster wheels of the above 
wheelchair in Figure 6 are extended to the front to provide forward stability.
The wheelchair resists tipping forward when the castor wheels are stopped sud-
denly by an object they cannot roll over. Less weight on the front wheels will reduce 
the rolling resistance of the front wheels, allowing the wheelchair to roll more 
easily. More of the user’s weight on the rear wheels will provide more traction on 
Figure 7. 
Widened rear wheels [12].
Figure 6. 
Extended front caster wheels.
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the rear wheels to drive through soft ground. On the downside, overall wheelchair 
length is longer, making it harder to maneuver in confined spaces.
5.3 Widened rear wheels concept
Sideways stability is affected by wheelchair width, thus the need for wide rear 
wheels. A ratchet arm assembly is operatively connected to each of the rear wheels 
to enable the operator to propel the wheelchair by that method, should the person 
so choose. Shock absorbers are fitted to the rear wheels to provide independent 
wheel articulation, such that if one wheel is to go over an obstacle the other one 
remains on the ground (Figure 7).
The further out to the side of the wheelchair the front and rear wheels touch 
the ground, the more the chair will resist tipping over sideways. The width of the 
rear wheels increases their bearing ability such that when utilized in sandy, loose 
or unstable terrain they do not sink into the underlying terrain and loose traction 
resulting in the occupant being left stuck. The wheelchair becomes easy to push and 
there is increased stability. On the downside a wide wheelchair is more difficult to 
get through narrow pathways. Side way stability is limited due to vertical wheels.
Using the binary dominance matrix method, widened rear wheels concept was 
chosen for further development. The mechanical design of this concept was devel-
oped into the final design in the next section of this chapter.
6. Detailed wheelchair design
The widened rear wheels design concept was further designed in detail. The 
parts making up the system were sized and materials for the parts selected accord-
ing to the design standards for mechanical parts. The designed parts were tested 
to configure if they could withstand the operating stresses and adjustments if any 
were taken in order to minimize failure of the parts during operation. The main 
parts are the widened rear wheels, ratchet bar, spring shock absorbers, rear caster 
wheels and front caster wheels given in Figure 8.
Figure 8. 
Detailed design assembly.
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6.1 Center of gravity
The center of gravity (CG) is the focal point of a body’s weight appropriation, 
where the force of gravity can be considered to act. It is the point in any object about 
which it is in perfect balance regardless of how it is turned or pivoted around that 
point. For a limited arrangement of point masses, CG might be characterized as 
the normal of positions weighted by mass. For its figuring a few parameters were 
viewed as, for example, the thickness of the material, the volume of the piece and 
the good ways from the origin arrange around the focal point of the piece. This 
is critical for the stability of the wheel chair. Thus considering x, y and z axis the 
center of gravity of the point masses will be given, and to find the center of gravity 
of composite bodies this was considered in the detailed design.
6.2 Calculations of stress and failure
Forces on a wheelchair casters and wheels, when the assumption is that the 
operator weighs 100 kg (Figures 9–12) (Eqs. (1)–(3)).
 Considering:  Fperson = Fp = 981N  (100 kg) (1)
  Lcaster = Lc = 315.81 mm (2)
  Ltotal = Lc + Lw = 448.11 mm (3)
The findings are that each rear wheel will take a weight force of 345 N. While the 
caster wheel takes 144.815 N.
Figure 9. 
Force analysis [3, 13].
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6.3 Internal moments and forces in a wheelchair axle
The forces and moments acting on the back hub of a wheelchair were deter-
mined a similar path as above. The greatest moment exits where the hub is welded to 
the frame. There are vertical forces applied on the wheel starting from the ground, 
there likewise might be horizontal forces that act on the wheel when the wheelchair 
tips over, these forces cause moments on the axle. Von Mises stresses were analyzed 
for the axle to take note of the critical points.
6.4 Bending stress in a wheelchair axle
At the point when a section is twisted the applied moment creates stresses in the 
material. On one side of the part the material is extended and in this way has tensile 
Figure 10. 
Ratchet set up [13].
Figure 11. 
Shear force diagram on the ratchet lever [13].
Figure 12. 
Bending moment diagram [13].
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stresses. On the opposite side the material is compressed by compressive loading. 
The maximum bending moment was found to be 62.125 MPa.
6.5 Stress and failure
Shear stress is the stress that attempts to tear something separate. It is character-
ized as the shear force divided by the area over which the force is acting. In a wheel-
chair hub, its value is low and is rather higher in the X-brace pivot of a wheelchair. 
The modulus of elasticity (E) is a material property that tells how much a material 
make an effort not to distort when it is under stress. Strain is the proportion of how 
a lot of a material twists when under pressure.
Looking at the most extreme bending stress in a wheelchair axle with the limit 
elastic of the material used, it is possible to know whether the hub is sufficiently 
strong enough to hold up under the individual user’s weight and other external 
forces applied on it. The weight of the person should not exceed 212.33 kg.
6.6 Shock absorber spring
The material of the spring should have high fatigue strength, high ductility, high 
resilience and it should be creep resistant, hence carbon steel was chosen. The free 
length of 100 mm and the spring wire diameter was determined to be 5 mm.
6.7 Ratchet bar
The ratchet is used to turn the wheels by the operator. The effort by the operator was 
determined to be 16.45 N, at the top of the lever assuming the frictionless movements.
Figure 13. 
Side and top view of sized design, and the sized rear wheel.
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If this results in a reaction on the fulcrum of 789.54 N, the force and bending 
moment distribution acting in the lever is described by the shear force diagram and 
bending moment diagram as shown below.
For a bending moment of 7922 Nm, the material for the lever, is designed to be 
mild steel selected from tables to be Fe 310 steel of tensile strength 310 Nmm2, yield 
stress 180 Nmm2 and minimum elongation of 26.
Designing for a factor of safety of 3, the resulting allowable working stress is 60 
Nmm2.
6.8 Tipping angle
The widened rear wheels design was found that it could sustain a tipping angle 
of about 43.17 degrees from the calculations.
6.9 Designed wide rear wheels
Figure 13 gives the sized views of the resulting design, as well as the recom-
mended the rear wheel size.
The final 3D view of the resulting wheelchair is given by Figure 14 below.
7. Economic analysis
Some costing was done for components that are going to be manufactured 
from workshop and others standardized components which are going to be 
bought. Table 1 gives the major components the materials they would be  
made from.
The bill of quantities are given by Table 2 as well as the costing of a 
prototype.
The cost of fabricating a prototype is estimated to be USD 186 including compo-
nents cost and labor, which is within a maximum cap of USD200. This could vary 
depending on the manufacturer’s requirements and specifications.
Figure 14. 
Final wide wheel design.
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8. Recommendations
The wheelchair design is still limited when it comes to very steep inclines, in which 
case an incorporation of a motor to assist the hand effort will be required. There is also 
need to have adjustable rear wheels that can be pushed in or outwards from the chair 
so that it is not hindered when passing through narrow pathways of the rural terrain.
The operator has to always lock the brakes before getting in and out of the 
wheelchair. They have to also avoid putting heavy loads on the back of a wheelchair, 
as this may result in a shift in the position of center of gravity. This could cause the 
chair to tip over backwards.
The operator of the chair can keep it maintained by being knowledgeable about the 
wheelchair, and having a handy list of providers that one can rely on for repairs, parts, 
and maintenance. The user may not be able to perform the basic daily and weekly 
cleaning and upkeep but can set up a routine that can be followed by caregivers, family 
members or others to monitor the chair for problems. Assemble and store a set of tools 
that you will need to have on hand for maintenance and emergencies. There is need to 
keep the wheelchair clean to help keep the operator healthy and free of infections, this 
will also make it easier to identify equipment problems as they arise. The casters (front 
wheels) can present a safety hazard when they are worn out. One has to always check 
your casters for cracks in the spokes that may eventually cause the caster to collapse.
9. Conclusion
The chapter investigated the development of a rough terrain wheelchair design 
which is capable to withstand tipping angles up to 43.17 degrees, which is relatively 
Component Quantity Total cost (USD)
Frame 16 × 500 mm 30
Rear wheel 2 28
Caster wheels 4 16
Ratchet 2 32






Wheelchair frame Mild steel
Spring Carbon steel
Ratchet bar Mild steel
Seating material Cotton
Rear wheel axle Mild steel
Caster wheel bearing Mild steel
Rear wheel rim Mild steel
Footrest Mild steel
Table 1. 
Components and material specifications.
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higher as compared to conventional wheelchairs. The wheelchair counters top-
pling in almost every direction due to the wide wheels and back caster wheels for 
anti-tipping. This wheelchair is intended to improve the mobility of those operators 
living in rural uneven terrain by reducing wheelchair related accidents. The incor-
poration of the spring shock absorber will also contribute to the comfortable sitting 
of the user. The overall cost of the design was estimated to be USD 186, if local raw 
materials are used for manufacturing of the wheelchair.
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Temporal Trend and Inequality in
Immunization Coverage in India
Basant Kumar Panda
Abstract
Since 1978, India through its various health policies target to achieve the uni-
versal immunization, but profound progress is yet to be seen. This paper examine
the trend in immunization coverage and differential access among the population
subgroups. Data for the analysis was extracted from the two recent rounds of the
National Family Health Survey (NFHS) conducted in 2005–2006 and 2015–2016.
Descriptive statistics were used to understand the level of coverage, whereas the
ratio method and concentration index was used to understand the inequality. The
study identified immunization coverage had improved from 44 percent in 2005–
2006 to 62 percent in 2015–2016. However, considerable variation was observed
among the regions and various wealth quintiles. In the Southern region, 63 percent
of children from the poorest wealth quintile were fully immunized compared to 36
percent in North Eastern region. The coverage of full immunization among richest
children was found to be 1.5 times higher than that of the poorest. The concentra-
tion index remains positive showing the pro-rich inequality. A positive result was
found in the Northern and Northeastern region, where the poorest were showing an
impeccable improvement over the period. Moreover, the study found the gap by
place of residence and gender was close to convergence. The study suggests that the
immunization programs have to be inclusive, with widespread reach, leaving no
stones unturned. These steps can be beneficial in diminishing inequalities, acting as
an essential ingredient in achieving the sustainable development goals.
Keywords: inequality, immunization, India, NFHS, temporal
1. Introduction
Socioeconomic inequalities in a child health is a major policy concern to achieve
the Sustainable Development Goals (SDGs) framed by the United Nations in 2015
[1]. However, progress toward reducing these inequalities in child health indicators is
not noteworthy among and between the countries [2]. Irrespective of the continued
global effort to reduce the infant and child mortality rates, the targets of Millennium
Development Goals (MDG) remained unattainable in many developing countries
[3]. Nearly, 5.6 million of under-five death occurs worldwide [4], out of which
quarter of death are due to vaccine-preventable diseases. Moreover, an estimated
19.9 million infants worldwide stay absent for routine immunization services.
Around 60 percent of these children live in 10 countries, mainly from Africa and
South Asia including India [5]. Though the Global Vaccine Action Plan (GVAP) has
been endorsed by 194 countries in 2012, to ensure the equitable access to immuniza-
tion by the year 2020, profound progress is yet to be seen [6].
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Temporal Trend and Inequality in
Immunization Coverage in India
Basant Kumar Panda
Abstract
Since 1978, India through its various health policies target to achieve the uni-
versal immunization, but profound progress is yet to be seen. This paper examine
the trend in immunization coverage and differential access among the population
subgroups. Data for the analysis was extracted from the two recent rounds of the
National Family Health Survey (NFHS) conducted in 2005–2006 and 2015–2016.
Descriptive statistics were used to understand the level of coverage, whereas the
ratio method and concentration index was used to understand the inequality. The
study identified immunization coverage had improved from 44 percent in 2005–
2006 to 62 percent in 2015–2016. However, considerable variation was observed
among the regions and various wealth quintiles. In the Southern region, 63 percent
of children from the poorest wealth quintile were fully immunized compared to 36
percent in North Eastern region. The coverage of full immunization among richest
children was found to be 1.5 times higher than that of the poorest. The concentra-
tion index remains positive showing the pro-rich inequality. A positive result was
found in the Northern and Northeastern region, where the poorest were showing an
impeccable improvement over the period. Moreover, the study found the gap by
place of residence and gender was close to convergence. The study suggests that the
immunization programs have to be inclusive, with widespread reach, leaving no
stones unturned. These steps can be beneficial in diminishing inequalities, acting as
an essential ingredient in achieving the sustainable development goals.
Keywords: inequality, immunization, India, NFHS, temporal
1. Introduction
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the Sustainable Development Goals (SDGs) framed by the United Nations in 2015
[1]. However, progress toward reducing these inequalities in child health indicators is
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global effort to reduce the infant and child mortality rates, the targets of Millennium
Development Goals (MDG) remained unattainable in many developing countries
[3]. Nearly, 5.6 million of under-five death occurs worldwide [4], out of which
quarter of death are due to vaccine-preventable diseases. Moreover, an estimated
19.9 million infants worldwide stay absent for routine immunization services.
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been endorsed by 194 countries in 2012, to ensure the equitable access to immuniza-
tion by the year 2020, profound progress is yet to be seen [6].
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Immunization coverage is given high priority globally and nationally especially
for developing countries like India. The Indian immunization program started in
1978 after the Alma-Ata declaration aimed at immunizing all children [7]. To accel-
erate this, appropriate policy measures were put in place during those times, but
the task of attaining these were quite arduous. The Government of India recently
launched the Mission Indradhanush (UIP) in 2014 with the target of achieving
universal immunization coverage https://www.nhp.gov.in/mission-indradhanush1_
pg. Irrespective of these attempts, nearly one-third of the children remain to be far
away from vaccinations in India [8–12].
India, known for its multifaceted society and social hierarchy, dealt with higher
social, economic, and regional inequality. A growing number of studies in India
examined inequalities in child health status including full immunization coverage
[9, 13, 14]. The studies found significant gap in wealth-related, rural–urban, and
gender-related inequality in immunization coverage [15–18]. Some studies also
observed large differentials among the economic groups, caste, and religion of the
household [11, 19, 20]. Among the other factors, maternal education, proximity to a
health facility, place of delivery, and pre- and postnatal checkup of mothers are
among the leading factors affecting immunization coverage in India [21–24]. Apart
from that, appropriateness of the timing of the vaccination is lagging in India and
many states [25]. In order to reduce the disparity in immunization coverage, coun-
tries must adopt proequity programs aimed at reducing the gap in immunization
coverage.
The present study is conceptualized under the following rationale. Firstly, in
terms of immunization, India is one of the major contributor of unimmunized
children in the world [5]. So, it is essential to understand the pattern of full immu-
nization coverage in general and specific vaccinations in particular among various
geographies of India. Secondly, many literatures suggest the pervasiveness of eco-
nomic inequality among children in various health indicators. Therefore, it becomes
imperative to study the pattern of inequality among the better off and worse off
population subgroups. Thirdly, the WHO Commission on social determinants of
health positioned strategically to reduce health inequalities and considers gender as
one of the main determinants. It is widely established that pronounced gender bias
still exists in India, favoring males over females. In this concern, understanding
gender segregation in immunization practices is critical for policy formulation. In
the same line, this study is a revisit to understand the temporal variation and
inequality in immunization coverage among the regions of India. The present study
will deliver the dynamic pattern of inequality in regions of India and provide
guidance to frame policy as per the present challenges at hand.
The main objective of this paper was to document pattern and inequalities in
immunization coverage in India over two periods of time (2005–2006 and 2015–
2016). Further, this paper was an attempt to understand inequality patterns in
immunization coverage by the wealth quintile at the regional level. We have inves-
tigated inequalities in full immunization coverage using various inequality indexes
that are related to three characteristics, namely economic status, place of residence,
and sex of the child.
2. Data and methods
2.1 Data
In an attempt to understand the variation in immunization among children, data
from the third and fourth rounds of National Family Health Surveys (NFHSs) were
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used. These surveys were conducted in 2005–2006 and 2015–2016 by International
Institute for Population Sciences (IIPS) under the stewardship of the Ministry of
Health and Family Welfare (MoHFW), Government of India, with technical sup-
port from ICF International. The survey is designed in line with Demographic and
Health Surveys (DHS) conducted worldwide. Both the surveys were large-scale
surveys that provide state- and national-level estimates on fertility, infant mortality
and child mortality, and other family welfare and health indicators. The survey
uses a multi-stage stratified random sampling to select the households. Using the
appropriate sampling weight, the survey provides estimates for various geographi-
cal regions. More about the survey design, sampling procedure, and questionnaire
are provided in the national report [8].
The unit of our analysis is the regions of India. The two rounds of National
Family Health Survey have followed a uniform pattern in segregating the states
qualifying them for a particular region. In our study, the composition of regions
based on the state is guided by the NFHS report. As uniformity is maintained in
framing the geographical region, it is comparable over time.
3. Methods
Full immunization among children aged 12–23 months is the primary outcome
variable in this study. Children are considered as fully immunized only when they
receive vaccination against tuberculosis (BCG), three doses of diphtheria, pertussis
(whooping cough), and tetanus (DPT) vaccine; three doses of poliomyelitis (Polio)
vaccine; and one dose of the measles vaccine by the age of 12 months. In India, BCG
should be given at birth or first clinical contact; DPT and polio require three
vaccinations at approximately 4, 8, and 12 weeks of age; and the measles vaccine
should be given at age 12 months or sooner after reaching 9 months of age. Infor-
mation on vaccination coverage was collected from the child’s health card and direct
reporting from the mother. We have used the kid’s file for analysis; the survey has
selected only those households that had childbirths in the last 5 years prior to the
survey. The sample size of the children is 49,284 in 2015–2016 and 9559 in
2005–2006.
3.1 Measuring inequality in immunization coverage
This study used two summary indexes to measure inequality in immunization
coverage. The first measure is a simple ratio of the threshold of the population
characteristics. The ratio measure is considered as a crude measure as it does not
consider the estimates except the threshold. Despite its limitation, the measure is
considered as a crucial relative measure of inequality and provides a clear idea of
discrepancy in health indicators among the population subgroup. Wealth inequality
ratio (WIR), rural–urban inequality ratio (RUIR), and gender-related inequality
ratio (GIR) were calculated to quantify the inequality based on these attributes. The
formula for these measures as guided by the other studies [26, 27] are as follows:
Rich� Poor Inequality Ratio
¼ %of fully immunized children in the richest wealth class
%of fully immunized children in the poorest wealth class
 
∗ 100
Urban� Rural Inequality Ratio ¼ %of fully immunized urban children
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Immunization coverage is given high priority globally and nationally especially
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1978 after the Alma-Ata declaration aimed at immunizing all children [7]. To accel-
erate this, appropriate policy measures were put in place during those times, but
the task of attaining these were quite arduous. The Government of India recently
launched the Mission Indradhanush (UIP) in 2014 with the target of achieving
universal immunization coverage https://www.nhp.gov.in/mission-indradhanush1_
pg. Irrespective of these attempts, nearly one-third of the children remain to be far
away from vaccinations in India [8–12].
India, known for its multifaceted society and social hierarchy, dealt with higher
social, economic, and regional inequality. A growing number of studies in India
examined inequalities in child health status including full immunization coverage
[9, 13, 14]. The studies found significant gap in wealth-related, rural–urban, and
gender-related inequality in immunization coverage [15–18]. Some studies also
observed large differentials among the economic groups, caste, and religion of the
household [11, 19, 20]. Among the other factors, maternal education, proximity to a
health facility, place of delivery, and pre- and postnatal checkup of mothers are
among the leading factors affecting immunization coverage in India [21–24]. Apart
from that, appropriateness of the timing of the vaccination is lagging in India and
many states [25]. In order to reduce the disparity in immunization coverage, coun-
tries must adopt proequity programs aimed at reducing the gap in immunization
coverage.
The present study is conceptualized under the following rationale. Firstly, in
terms of immunization, India is one of the major contributor of unimmunized
children in the world [5]. So, it is essential to understand the pattern of full immu-
nization coverage in general and specific vaccinations in particular among various
geographies of India. Secondly, many literatures suggest the pervasiveness of eco-
nomic inequality among children in various health indicators. Therefore, it becomes
imperative to study the pattern of inequality among the better off and worse off
population subgroups. Thirdly, the WHO Commission on social determinants of
health positioned strategically to reduce health inequalities and considers gender as
one of the main determinants. It is widely established that pronounced gender bias
still exists in India, favoring males over females. In this concern, understanding
gender segregation in immunization practices is critical for policy formulation. In
the same line, this study is a revisit to understand the temporal variation and
inequality in immunization coverage among the regions of India. The present study
will deliver the dynamic pattern of inequality in regions of India and provide
guidance to frame policy as per the present challenges at hand.
The main objective of this paper was to document pattern and inequalities in
immunization coverage in India over two periods of time (2005–2006 and 2015–
2016). Further, this paper was an attempt to understand inequality patterns in
immunization coverage by the wealth quintile at the regional level. We have inves-
tigated inequalities in full immunization coverage using various inequality indexes
that are related to three characteristics, namely economic status, place of residence,
and sex of the child.
2. Data and methods
2.1 Data
In an attempt to understand the variation in immunization among children, data
from the third and fourth rounds of National Family Health Surveys (NFHSs) were
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used. These surveys were conducted in 2005–2006 and 2015–2016 by International
Institute for Population Sciences (IIPS) under the stewardship of the Ministry of
Health and Family Welfare (MoHFW), Government of India, with technical sup-
port from ICF International. The survey is designed in line with Demographic and
Health Surveys (DHS) conducted worldwide. Both the surveys were large-scale
surveys that provide state- and national-level estimates on fertility, infant mortality
and child mortality, and other family welfare and health indicators. The survey
uses a multi-stage stratified random sampling to select the households. Using the
appropriate sampling weight, the survey provides estimates for various geographi-
cal regions. More about the survey design, sampling procedure, and questionnaire
are provided in the national report [8].
The unit of our analysis is the regions of India. The two rounds of National
Family Health Survey have followed a uniform pattern in segregating the states
qualifying them for a particular region. In our study, the composition of regions
based on the state is guided by the NFHS report. As uniformity is maintained in
framing the geographical region, it is comparable over time.
3. Methods
Full immunization among children aged 12–23 months is the primary outcome
variable in this study. Children are considered as fully immunized only when they
receive vaccination against tuberculosis (BCG), three doses of diphtheria, pertussis
(whooping cough), and tetanus (DPT) vaccine; three doses of poliomyelitis (Polio)
vaccine; and one dose of the measles vaccine by the age of 12 months. In India, BCG
should be given at birth or first clinical contact; DPT and polio require three
vaccinations at approximately 4, 8, and 12 weeks of age; and the measles vaccine
should be given at age 12 months or sooner after reaching 9 months of age. Infor-
mation on vaccination coverage was collected from the child’s health card and direct
reporting from the mother. We have used the kid’s file for analysis; the survey has
selected only those households that had childbirths in the last 5 years prior to the
survey. The sample size of the children is 49,284 in 2015–2016 and 9559 in
2005–2006.
3.1 Measuring inequality in immunization coverage
This study used two summary indexes to measure inequality in immunization
coverage. The first measure is a simple ratio of the threshold of the population
characteristics. The ratio measure is considered as a crude measure as it does not
consider the estimates except the threshold. Despite its limitation, the measure is
considered as a crucial relative measure of inequality and provides a clear idea of
discrepancy in health indicators among the population subgroup. Wealth inequality
ratio (WIR), rural–urban inequality ratio (RUIR), and gender-related inequality
ratio (GIR) were calculated to quantify the inequality based on these attributes. The
formula for these measures as guided by the other studies [26, 27] are as follows:
Rich� Poor Inequality Ratio
¼ %of fully immunized children in the richest wealth class
%of fully immunized children in the poorest wealth class
 
∗ 100
Urban� Rural Inequality Ratio ¼ %of fully immunized urban children
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Gender Inequality Ratio ¼ %of fully immunized boys
%of fully immunized girls
� �
∗ 100
The second summary measure used here was the concentration index, which is
one of the widely used inequality measures in public health research. This is a
wealth-based inequality measure that provides the concentration of health indica-
tors at a different economic level in the various subgroups of the population. The
concentration index is defined as twice the area between the concentration curve
and the line of equality (the 45-degree line). So, in some cases, when there is no
socioeconomic-related inequality, the concentration index is found to be zero. The
thumb rule is that the index takes a negative value when the curve lies above the
line of equality, indicating unbalanced concentration of the health variable (in this
case immunization coverage) among the poor, and a positive value when it lies
below the line of equality indicating disproportionate concentration of the health
variable (in this case immunization coverage) among the poor. The formula for
finding the concentration index is as follows:






where yi is the full immunization coverage of the i
th child; Ri is the fractional
rank of the ith child (for weighted data) in terms of the index of household eco-
nomic status; μ is the (weighted) unconditional mean of the full immunization
coverage of the sample; and covw denotes the weighted covariance. All the analyses
are performed in Stata 14.
4. Results
Figure 1 presents the pattern and trend in immunization coverage in India and
the regions for 2005–2006 and 2015–2016. The full immunization coverage in India
had gone up by 18 percent from 44 percent in 2005–2006 to 62 percent in 2015–
2016. Several vaccinations such as DPT, BCG, and measles and full immunization
had shown a significant improvement in the same period except for the polio
vaccination.
Table 1 shows full immunization coverage across different wealth classes at two
time periods (2005–2006 and 2015–2016). It is clearly evident that the coverage of
all vaccines was higher among wealthier classes of the society. The full immuniza-
tion coverage across the different wealth quintile had grown over the years, and
Figure 1.
Coverage of various components of immunization in India in NFHS-3 (2005–2006) and NFHS-4
(2015–2016).
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ratio among the richest and poorest has narrowed much. For instance, wealth
inequality ratio (WIR) was found to be 2.42 in 2005–2006, which reduced to almost
half (1.22) in 2015–2016.
The concentration index for all the vaccinations was found to be positive, which
signifies the prorich inequality. The concentration curve for full immunization
coverage (Figure 2) for both the periods lies below the line of equality indicating
higher level of coverage among the higher wealth quintile. The curve for 2015–2016
is closer to the line of equality than that of 2005–2006 representing the decreasing
wealth-based inequality over time.
Table 2 exhibits region-wise differential in immunization coverage among the
poorest and richest wealth quintile across regions of India. Immunization coverage
remained higher in the Southern region, both for the poorest and richest during
both the periods. The immunization coverage for the Northeastern region was
found to be 11.4 percent, lowest among the poorest wealth quintile in 2005–2006,
while theWestern region accounted for the lowest with 40.23 percent in 2015–2016.
The ratio for both the periods was highest in the Northeastern region with 5.47 in
2005–2006 and 1.85 in 2015–2016. On the contrary, the ratio for the Southern
region occupied the bottom position. An interesting pattern was observed with a
Vaccination component NFHS-3 (2005–2006) NFHS-4 (2015–2016)
Poorest Richest Ratio CI* Poorest Richest Ratio CI*
BCG 64.00 95.60 1.49 0.08 86.99 95.42 1.10 0.02
DPT 33.90 81.90 2.42 0.17 70.40 85.66 1.22 0.04
POLIO 40.00 85.20 2.13 0.04 66.74 78.35 1.17 0.03
MSL 69.90 87.37 1.25 0.16 73.18 88.79 1.21 0.04
FI 24.45 71.02 2.90 0.21 53.42 70.25 1.32 0.06
*CI stands for concentration index.
Table 1.
Level of various vaccinations and full immunization coverage and inequality measures among the wealth
quintile in India in 2005–2006 and 2015–2016.
Figure 2.
Concentration curve of full immunization coverage by wealth quintal in 2005–2006 and 2015–2016.
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%of fully immunized girls
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∗ 100
The second summary measure used here was the concentration index, which is
one of the widely used inequality measures in public health research. This is a
wealth-based inequality measure that provides the concentration of health indica-
tors at a different economic level in the various subgroups of the population. The
concentration index is defined as twice the area between the concentration curve
and the line of equality (the 45-degree line). So, in some cases, when there is no
socioeconomic-related inequality, the concentration index is found to be zero. The
thumb rule is that the index takes a negative value when the curve lies above the
line of equality, indicating unbalanced concentration of the health variable (in this
case immunization coverage) among the poor, and a positive value when it lies
below the line of equality indicating disproportionate concentration of the health
variable (in this case immunization coverage) among the poor. The formula for
finding the concentration index is as follows:
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4. Results
Figure 1 presents the pattern and trend in immunization coverage in India and
the regions for 2005–2006 and 2015–2016. The full immunization coverage in India
had gone up by 18 percent from 44 percent in 2005–2006 to 62 percent in 2015–
2016. Several vaccinations such as DPT, BCG, and measles and full immunization
had shown a significant improvement in the same period except for the polio
vaccination.
Table 1 shows full immunization coverage across different wealth classes at two
time periods (2005–2006 and 2015–2016). It is clearly evident that the coverage of
all vaccines was higher among wealthier classes of the society. The full immuniza-
tion coverage across the different wealth quintile had grown over the years, and
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ratio among the richest and poorest has narrowed much. For instance, wealth
inequality ratio (WIR) was found to be 2.42 in 2005–2006, which reduced to almost
half (1.22) in 2015–2016.
The concentration index for all the vaccinations was found to be positive, which
signifies the prorich inequality. The concentration curve for full immunization
coverage (Figure 2) for both the periods lies below the line of equality indicating
higher level of coverage among the higher wealth quintile. The curve for 2015–2016
is closer to the line of equality than that of 2005–2006 representing the decreasing
wealth-based inequality over time.
Table 2 exhibits region-wise differential in immunization coverage among the
poorest and richest wealth quintile across regions of India. Immunization coverage
remained higher in the Southern region, both for the poorest and richest during
both the periods. The immunization coverage for the Northeastern region was
found to be 11.4 percent, lowest among the poorest wealth quintile in 2005–2006,
while theWestern region accounted for the lowest with 40.23 percent in 2015–2016.
The ratio for both the periods was highest in the Northeastern region with 5.47 in
2005–2006 and 1.85 in 2015–2016. On the contrary, the ratio for the Southern
region occupied the bottom position. An interesting pattern was observed with a
Vaccination component NFHS-3 (2005–2006) NFHS-4 (2015–2016)
Poorest Richest Ratio CI* Poorest Richest Ratio CI*
BCG 64.00 95.60 1.49 0.08 86.99 95.42 1.10 0.02
DPT 33.90 81.90 2.42 0.17 70.40 85.66 1.22 0.04
POLIO 40.00 85.20 2.13 0.04 66.74 78.35 1.17 0.03
MSL 69.90 87.37 1.25 0.16 73.18 88.79 1.21 0.04
FI 24.45 71.02 2.90 0.21 53.42 70.25 1.32 0.06
*CI stands for concentration index.
Table 1.
Level of various vaccinations and full immunization coverage and inequality measures among the wealth
quintile in India in 2005–2006 and 2015–2016.
Figure 2.
Concentration curve of full immunization coverage by wealth quintal in 2005–2006 and 2015–2016.
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drastic decline in the WIR from 5.29 to 1.83 in the Northern region and 5.47 to 1.85
in the Northeastern region. This is accompanied by an increase in immunization
coverage among the poorest wealth quintile from 13.63 and 11.40 percent in 2005–
2006 to 41.41 and 36.60 percent in 2015–2016 in the North and Northeastern
region, respectively. Splitting the full immunization rates according to the mother’s
education and wealth group, we found a gap among the two thresholds favoring the
richest and highly educated (Figure 3). The same inspected across regions
manifested a significant role of education in enhancing immunization coverage.
Table 3 explains the urban–rural differentials in immunization coverage and
describes the urban–rural gap in immunization coverage across the regions of India.
It was clear from the table that the coverage in full immunization at the national
level for both rural and urban has improved. However, rural areas had fared well in
comparison to the urban areas, shrinking the gap between them, as indicated in the
latest round. However, the Southern region had excelled in immunization coverage
leaving behind other regions and India as well. Another very striking finding can be
seen from the Northeastern region, where the figures had shown improvements in a
decade, with the urban coverage increasing from 40 to 67.09 percent in 2015–2016.
Moreover, the rural areas of the Central region have shown an upward trend from
24.68 to 52.97 percent in 2015–2016. Over the years, immunization coverage had
NFHS-3 (2005–2006) NFHS-4 (2015–2016)
Region Poorest Richest Ratio CI* Poorest Richest Ratio CI*
East 30.31 76.30 2.51 0.18 63.51 71.04 1.12 0.06
West 29.94 69.86 2.33 0.16 40.23 62.20 1.55 0.07
North 13.63 72.13 5.29 0.26 41.41 75.71 1.83 0.10
South 40.42 78.95 1.95 0.11 63.35 71.73 1.13 0.02
Central 18.40 60.34 3.27 0.23 43.85 68.20 1.56 0.10
North East 11.40 62.43 5.47 0.25 36.60 67.66 1.85 0.12
*CI stands for concentration Index.
Table 2.
Level of full immunization coverage and inequality measure among the wealth quintile in India in 2005–2006
and 2015–2016.
Figure 3.
Percentage of children fully immunized by household wealth and education status of mothers in India, 2015–
2016.
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increased significantly in both urban as well as rural areas and interestingly the
increase was more profound in rural areas.
Table 4 presents results of gender differentials in full immunization across the
various regions of India. It can be noted that in almost all the regions of the country,
the percentage of children receiving full immunization had improved over time
both for male and female. There were no differentials in immunization among the
male and female found in 2015–2016 depicting the gender inequality ratio closer to
one. This reflects an improvement in immunization practices and reduction of the
gap between males and females.
To make the result more tangible over time, we have calculated the predicted
probability of full immunization coverage using the binary logistics regression and
presented in Table 5. The predicated probability was 69 percent among the richest
compared to 54 percent among the poorest. Wealth-related inequality ratio is 1.27 in
2015–2016, which declined from 1.77 in 2005–2006. Among all the regions, we
found a significant gap among these two optimum groups. The highest adjusted
wealth-related inequality ratio was observed in Northeastern and Northern region.
Considering all other variable constants, the predicted probability for full immuni-
Region NFHS-3 (2005–2006) NFHS-4 (2015–2016)
Male Female GIR* Male Female GIR*
East 45.85 43.50 1.05 71.32 70.08 0.98
West 57.37 50.69 1.13 53.39 56.39 1.06
North 47.48 44.36 1.07 61.97 66.60 1.07
South 62.77 56.92 1.10 68.35 68.38 1.00
Central 30.53 26.81 1.14 55.99 52.56 0.94
North East 33.96 34.99 0.97 51.33 50.04 0.97
India 45.48 41.62 1.09 62.30 62.50 1.00
*GIR stands for gender inequality ratio.
Table 4.
Level of full immunization coverage among male and female and gender inequality ratio by regions of India in
2005–2006 and 2015–2016.
Region NFHS-3 (2005–2006) NFHS-4 (2015–2016)
Urban Rural URIR* Urban Rural URIR*
East 56.36 42.52 1.33 71.92 70.47 1.02
West 64.66 46.23 1.40 54.71 54.94 1.00
North 60.12 40.77 1.47 67.59 62.36 1.08
South 64.63 57.19 1.13 68.35 68.37 1.00
Central 44.68 24.68 1.81 59.11 52.97 1.12
North East 39.39 33.56 1.17 67.09 47.86 1.40
India 57.69 38.72 1.49 64.24 61.72 1.04
*URIR stands for urban–rural inequality ratio.
Table 3.
Level of full immunization coverage by place of residence and urban–rural inequality ratio among the regions
of India in 2005–2006 and 2015–2016.
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drastic decline in the WIR from 5.29 to 1.83 in the Northern region and 5.47 to 1.85
in the Northeastern region. This is accompanied by an increase in immunization
coverage among the poorest wealth quintile from 13.63 and 11.40 percent in 2005–
2006 to 41.41 and 36.60 percent in 2015–2016 in the North and Northeastern
region, respectively. Splitting the full immunization rates according to the mother’s
education and wealth group, we found a gap among the two thresholds favoring the
richest and highly educated (Figure 3). The same inspected across regions
manifested a significant role of education in enhancing immunization coverage.
Table 3 explains the urban–rural differentials in immunization coverage and
describes the urban–rural gap in immunization coverage across the regions of India.
It was clear from the table that the coverage in full immunization at the national
level for both rural and urban has improved. However, rural areas had fared well in
comparison to the urban areas, shrinking the gap between them, as indicated in the
latest round. However, the Southern region had excelled in immunization coverage
leaving behind other regions and India as well. Another very striking finding can be
seen from the Northeastern region, where the figures had shown improvements in a
decade, with the urban coverage increasing from 40 to 67.09 percent in 2015–2016.
Moreover, the rural areas of the Central region have shown an upward trend from
24.68 to 52.97 percent in 2015–2016. Over the years, immunization coverage had
NFHS-3 (2005–2006) NFHS-4 (2015–2016)
Region Poorest Richest Ratio CI* Poorest Richest Ratio CI*
East 30.31 76.30 2.51 0.18 63.51 71.04 1.12 0.06
West 29.94 69.86 2.33 0.16 40.23 62.20 1.55 0.07
North 13.63 72.13 5.29 0.26 41.41 75.71 1.83 0.10
South 40.42 78.95 1.95 0.11 63.35 71.73 1.13 0.02
Central 18.40 60.34 3.27 0.23 43.85 68.20 1.56 0.10
North East 11.40 62.43 5.47 0.25 36.60 67.66 1.85 0.12
*CI stands for concentration Index.
Table 2.
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and 2015–2016.
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Percentage of children fully immunized by household wealth and education status of mothers in India, 2015–
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increased significantly in both urban as well as rural areas and interestingly the
increase was more profound in rural areas.
Table 4 presents results of gender differentials in full immunization across the
various regions of India. It can be noted that in almost all the regions of the country,
the percentage of children receiving full immunization had improved over time
both for male and female. There were no differentials in immunization among the
male and female found in 2015–2016 depicting the gender inequality ratio closer to
one. This reflects an improvement in immunization practices and reduction of the
gap between males and females.
To make the result more tangible over time, we have calculated the predicted
probability of full immunization coverage using the binary logistics regression and
presented in Table 5. The predicated probability was 69 percent among the richest
compared to 54 percent among the poorest. Wealth-related inequality ratio is 1.27 in
2015–2016, which declined from 1.77 in 2005–2006. Among all the regions, we
found a significant gap among these two optimum groups. The highest adjusted
wealth-related inequality ratio was observed in Northeastern and Northern region.
Considering all other variable constants, the predicted probability for full immuni-
Region NFHS-3 (2005–2006) NFHS-4 (2015–2016)
Male Female GIR* Male Female GIR*
East 45.85 43.50 1.05 71.32 70.08 0.98
West 57.37 50.69 1.13 53.39 56.39 1.06
North 47.48 44.36 1.07 61.97 66.60 1.07
South 62.77 56.92 1.10 68.35 68.38 1.00
Central 30.53 26.81 1.14 55.99 52.56 0.94
North East 33.96 34.99 0.97 51.33 50.04 0.97
India 45.48 41.62 1.09 62.30 62.50 1.00
*GIR stands for gender inequality ratio.
Table 4.
Level of full immunization coverage among male and female and gender inequality ratio by regions of India in
2005–2006 and 2015–2016.
Region NFHS-3 (2005–2006) NFHS-4 (2015–2016)
Urban Rural URIR* Urban Rural URIR*
East 56.36 42.52 1.33 71.92 70.47 1.02
West 64.66 46.23 1.40 54.71 54.94 1.00
North 60.12 40.77 1.47 67.59 62.36 1.08
South 64.63 57.19 1.13 68.35 68.37 1.00
Central 44.68 24.68 1.81 59.11 52.97 1.12
North East 39.39 33.56 1.17 67.09 47.86 1.40
India 57.69 38.72 1.49 64.24 61.72 1.04
*URIR stands for urban–rural inequality ratio.
Table 3.
Level of full immunization coverage by place of residence and urban–rural inequality ratio among the regions
of India in 2005–2006 and 2015–2016.
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zation as nearly equivalent in case of rural and urban as well as for male and female.
Considering education-related inequality, we found that the predicative probability
of full immunization among the mothers belonging to higher education group is 67
NFHS-3 (2005–2006) India East West North South Central North-East
Wealth status of household
Poorest 0.35 0.38 0.39 0.29 0.56 0.27 0.15
Poorer 0.39 0.48 0.45 0.45 0.56 0.29 0.25
Middle 0.49 0.50 0.55 0.57 0.67 0.33 0.41
Richer 0.53 0.59 0.64 0.62 0.64 0.35 0.41
Richest 0.61 0.57 0.72 0.66 0.71 0.43 0.61
Education of mothers
No education 0.37 0.38 0.51 0.44 0.49 0.24 0.27
Primary 0.47 0.49 0.59 0.50 0.67 0.37 0.32
Secondary 0.57 0.60 0.64 0.68 0.66 0.46 0.43
Higher 0.65 0.69 0.71 0.74 0.82 0.55 0.45
Place of residence
Urban 0.46 0.41 0.62 0.52 0.64 0.37 0.33
Rural 0.49 0.51 0.61 0.59 0.66 0.30 0.38
Sex of the child
Male 0.49 0.47 0.63 0.57 0.67 0.33 0.37
Female 0.48 0.48 0.60 0.57 0.63 0.31 0.35
NFHS-4 (2015–2016)
Wealth status of household
Poorest 0.54 0.66 0.42 0.54 0.71 0.48 0.40
Poorer 0.61 0.73 0.55 0.62 0.66 0.55 0.52
Middle 0.65 0.76 0.55 0.69 0.68 0.59 0.58
Richer 0.67 0.74 0.63 0.68 0.71 0.61 0.58
Richest 0.69 0.71 0.66 0.73 0.73 0.64 0.57
Education of mothers
No education 0.56 0.65 0.48 0.62 0.66 0.49 0.41
Primary 0.62 0.74 0.52 0.65 0.73 0.57 0.53
Secondary 0.65 0.73 0.61 0.69 0.70 0.60 0.56
Higher 0.67 0.72 0.58 0.72 0.71 0.62 0.60
Place of residence
Urban 0.61 0.64 0.54 0.65 0.70 0.55 0.52
Rural 0.63 0.71 0.60 0.68 0.70 0.56 0.53
Sex of the child
Male 0.62 0.70 0.57 0.65 0.69 0.57 0.52
Female 0.63 0.70 0.59 0.69 0.71 0.54 0.54
Table 5.
Predicated probabilities of full immunization coverage by wealth status, education of mother, place of
residence, and sex of the child in India and its region in 2005–2006 and 2015–2016.
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percent compared to 56 percent among uneducated mothers in India. Like other
two characteristics, education of mother also exhibits significant disparity among
these two threshold levels. Almost all of the regions show the pattern of declining
trend of education-related disparity, but there continues to be a gap that cannot be
ignored.
5. Discussion
The present study has made an effort to revisit the temporal change and differ-
ential access in immunization coverage in regions of India. In the line of previous
literature, the present study using the last two rounds of NFHS studied the rich-
poor inequality, rural–urban inequality, and gender-related inequality to under-
stand the equity gap in immunization among regions of India. The latest round of
NFHS found that there was a substantial increase of 18 percent in coverage of full
immunization as compared to earlier rounds. Expect the polio vaccine, all other
vaccines had improved over time. The full immunization coverage, as well as DPT
and measles vaccines, had improved for more than 40 percent in the period 2005–
2016. The improvement in the immunization program can be attributable to the
national immunization policies in India.
In India, immunizations are provided free of cost in public health facilities.
Irrespective of this, 91% of children were vaccinated against BCG, while DPT and
measles are lower compared to it. By convention, a newborn is immediately vacci-
nated by a dose of BCG, after his entry into this world, whereas, at a later point in
time, it becomes little difficult for some parents to let their child receive the doses
further signifying the importance of getting immunized at birth. A study found that
40 percent of children in India are left out before completing the series of DPT [17].
The burden of work on mothers, commuting to the public health facility, can be
attributed for witnessing an increase in dropouts in further doses of vaccinations.
However, a very astonishing picture gets reflected from the observed decline in
polio vaccination. Though it is cost-free and has widespread coverage, the
figures fell a little from 78 to 73 percent in a decade. The reasons may be ascertained
that the present population does not consider polio as a severe and threatening
disease [28].
The findings show that inequality in specific vaccination coverage as well as in
full immunization coverage had shown substantial prorich inequality. The inequal-
ity in full immunization coverage was found to be higher among the richer classes
also followed to be in the regions. The result was consistent with other studies in
India and abroad [18, 26]. But the temporal variation in each vaccination witnessed
a significant decline in the gap among the poorest and richest wealth quintile. The
ratio in full immunization coverage almost halved over the intersurvey period. This
can be thought of as an improvement in the coverage of vaccination among children
from the poorest wealth quintile. DPT coverage among children from the poorest
wealth quintile doubled, while measles improved 1.5 times over the period, which is
instrumental in doubling the full immunization coverage. A positive pattern can be
witnessed in the Northern and Northeastern region, where the poorest are showing
an impeccable improvement over the period. This can be accredited to advance-
ment in the coverage of immunization, dedicated, well-trained, and sensitive ASHA
workers, or community health workers.
Children from urban areas were reported to be better immunized as compared
to their rural counterparts. These findings were in tune with studies done in the
regional context. In 2015–2016, we found a very marginal rural–urban gap among
the regions except for the Northeastern region. The reasons can be due to low
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zation as nearly equivalent in case of rural and urban as well as for male and female.
Considering education-related inequality, we found that the predicative probability
of full immunization among the mothers belonging to higher education group is 67
NFHS-3 (2005–2006) India East West North South Central North-East
Wealth status of household
Poorest 0.35 0.38 0.39 0.29 0.56 0.27 0.15
Poorer 0.39 0.48 0.45 0.45 0.56 0.29 0.25
Middle 0.49 0.50 0.55 0.57 0.67 0.33 0.41
Richer 0.53 0.59 0.64 0.62 0.64 0.35 0.41
Richest 0.61 0.57 0.72 0.66 0.71 0.43 0.61
Education of mothers
No education 0.37 0.38 0.51 0.44 0.49 0.24 0.27
Primary 0.47 0.49 0.59 0.50 0.67 0.37 0.32
Secondary 0.57 0.60 0.64 0.68 0.66 0.46 0.43
Higher 0.65 0.69 0.71 0.74 0.82 0.55 0.45
Place of residence
Urban 0.46 0.41 0.62 0.52 0.64 0.37 0.33
Rural 0.49 0.51 0.61 0.59 0.66 0.30 0.38
Sex of the child
Male 0.49 0.47 0.63 0.57 0.67 0.33 0.37
Female 0.48 0.48 0.60 0.57 0.63 0.31 0.35
NFHS-4 (2015–2016)
Wealth status of household
Poorest 0.54 0.66 0.42 0.54 0.71 0.48 0.40
Poorer 0.61 0.73 0.55 0.62 0.66 0.55 0.52
Middle 0.65 0.76 0.55 0.69 0.68 0.59 0.58
Richer 0.67 0.74 0.63 0.68 0.71 0.61 0.58
Richest 0.69 0.71 0.66 0.73 0.73 0.64 0.57
Education of mothers
No education 0.56 0.65 0.48 0.62 0.66 0.49 0.41
Primary 0.62 0.74 0.52 0.65 0.73 0.57 0.53
Secondary 0.65 0.73 0.61 0.69 0.70 0.60 0.56
Higher 0.67 0.72 0.58 0.72 0.71 0.62 0.60
Place of residence
Urban 0.61 0.64 0.54 0.65 0.70 0.55 0.52
Rural 0.63 0.71 0.60 0.68 0.70 0.56 0.53
Sex of the child
Male 0.62 0.70 0.57 0.65 0.69 0.57 0.52
Female 0.63 0.70 0.59 0.69 0.71 0.54 0.54
Table 5.
Predicated probabilities of full immunization coverage by wealth status, education of mother, place of
residence, and sex of the child in India and its region in 2005–2006 and 2015–2016.
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percent compared to 56 percent among uneducated mothers in India. Like other
two characteristics, education of mother also exhibits significant disparity among
these two threshold levels. Almost all of the regions show the pattern of declining
trend of education-related disparity, but there continues to be a gap that cannot be
ignored.
5. Discussion
The present study has made an effort to revisit the temporal change and differ-
ential access in immunization coverage in regions of India. In the line of previous
literature, the present study using the last two rounds of NFHS studied the rich-
poor inequality, rural–urban inequality, and gender-related inequality to under-
stand the equity gap in immunization among regions of India. The latest round of
NFHS found that there was a substantial increase of 18 percent in coverage of full
immunization as compared to earlier rounds. Expect the polio vaccine, all other
vaccines had improved over time. The full immunization coverage, as well as DPT
and measles vaccines, had improved for more than 40 percent in the period 2005–
2016. The improvement in the immunization program can be attributable to the
national immunization policies in India.
In India, immunizations are provided free of cost in public health facilities.
Irrespective of this, 91% of children were vaccinated against BCG, while DPT and
measles are lower compared to it. By convention, a newborn is immediately vacci-
nated by a dose of BCG, after his entry into this world, whereas, at a later point in
time, it becomes little difficult for some parents to let their child receive the doses
further signifying the importance of getting immunized at birth. A study found that
40 percent of children in India are left out before completing the series of DPT [17].
The burden of work on mothers, commuting to the public health facility, can be
attributed for witnessing an increase in dropouts in further doses of vaccinations.
However, a very astonishing picture gets reflected from the observed decline in
polio vaccination. Though it is cost-free and has widespread coverage, the
figures fell a little from 78 to 73 percent in a decade. The reasons may be ascertained
that the present population does not consider polio as a severe and threatening
disease [28].
The findings show that inequality in specific vaccination coverage as well as in
full immunization coverage had shown substantial prorich inequality. The inequal-
ity in full immunization coverage was found to be higher among the richer classes
also followed to be in the regions. The result was consistent with other studies in
India and abroad [18, 26]. But the temporal variation in each vaccination witnessed
a significant decline in the gap among the poorest and richest wealth quintile. The
ratio in full immunization coverage almost halved over the intersurvey period. This
can be thought of as an improvement in the coverage of vaccination among children
from the poorest wealth quintile. DPT coverage among children from the poorest
wealth quintile doubled, while measles improved 1.5 times over the period, which is
instrumental in doubling the full immunization coverage. A positive pattern can be
witnessed in the Northern and Northeastern region, where the poorest are showing
an impeccable improvement over the period. This can be accredited to advance-
ment in the coverage of immunization, dedicated, well-trained, and sensitive ASHA
workers, or community health workers.
Children from urban areas were reported to be better immunized as compared
to their rural counterparts. These findings were in tune with studies done in the
regional context. In 2015–2016, we found a very marginal rural–urban gap among
the regions except for the Northeastern region. The reasons can be due to low
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urbanization and inadequate or unfit health facilities. The previous literature has
highlighted the male advantages in obtaining the vaccination [13, 27]. This study
found that the gap in immunization was close to convergence. These achievements
can be attributed to an increase in female education, effective gender sensitization
programs, and improved communication between health workers and the
community.
This study is an attempt in understanding the changes in coverage and
inequality among the regions of India dealt with some limitation. The sample size of
the children in the NFHS-3 was very less, so it is misleading to find the estimates by
different wealth quintiles among the smaller states. Estimates of vaccination cover-
age in India are based on the vaccination card or the parental recall, but the accu-
racy and validity of the response are critical. In India, vaccination card is not
universal, and the use of parental recall against the absence of vaccination card can
sometimes be incomplete or inaccurate.
6. Conclusion and policy implications
Our analysis shows that a significant variation can be observed in the
region-wise distribution of a child’s immunization. With an aim to increase the
immunization coverage among children, the government has initiated several pro-
grams, targeted at achieving universal immunization. Though the initiation of new
programs gets underway, the achievement of desired targets to be met is often
confronted with the lack of community health workers, inadequate infrastructure
and human resource, and majorly political will. The study suggests that the
immunization programs have to be inclusive, with widespread reach,
leaving no stones unturned. These steps can be beneficial in diminishing
inequalities, acting as an important ingredient in achieving the Sustainable
Development Goals.
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age in India are based on the vaccination card or the parental recall, but the accu-
racy and validity of the response are critical. In India, vaccination card is not
universal, and the use of parental recall against the absence of vaccination card can
sometimes be incomplete or inaccurate.
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region-wise distribution of a child’s immunization. With an aim to increase the
immunization coverage among children, the government has initiated several pro-
grams, targeted at achieving universal immunization. Though the initiation of new
programs gets underway, the achievement of desired targets to be met is often
confronted with the lack of community health workers, inadequate infrastructure
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leaving no stones unturned. These steps can be beneficial in diminishing
inequalities, acting as an important ingredient in achieving the Sustainable
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Breast Cancer Management among 
Elderly Women in Nigeria
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Abstract
The focus of the study was on the social and institutional support available in 
Nigeria for the management of breast cancer among elderly women. It examined 
the occurrence and sociocultural factors implicated in breast cancer among elderly 
women in Nigeria. It discovered that there is increasing incidence of breast cancer 
among elderly women in Nigeria with an equally increasing mortality rate due 
largely to low awareness of this menace among women who are past childbearing 
age. In addition to a low level of awareness are other sociocultural factors such as 
age, income, education, and the belief systems of the people that the study identi-
fied as drivers of increasing menace of breast cancer among elderly women. The 
above are compounded by the scarcity and inaccessibility of cancer treatment 
and management facilities in Nigeria. Incidentally, counseling services from such 
professions as social work and clinical psychology are hardly in existence, leaving 
the burden of management and care entirely to the families of those affected by the 
ailment. This calls for a rethink of the sociocultural and support context of public 
health management in Nigeria. This paper examines the availability and adequacy 
of existing social and institutional support for breast cancer in Nigeria.
Keywords: breast, cancer, social, support, institutional, management, elderly, 
women
1. Introduction
The paper using information obtained through a survey examines the social 
and institutional support mechanisms in breast cancer management in Nigeria. Its 
main assumption is that despite what may be considered an alarming incidence of 
occurrence nowadays, breast cancer in management in Nigeria seems bedeviled 
by inadequate support. In other words, in spite of a significant incidence of breast 
cancer in Nigeria, the public health system has not responded commensurately, 
while social support has been affected by wrong notions of causes and stereotypes 
with severe implications for health of those affected and coping capacity of families 
[1]. In other words, the quality and access of women to reproductive health services 
are important in confronting these health problems. In spite of the above, women 
can only seek them out when the need arises if they are aware of their existence 
and where they can be received. In other words, awareness and access are critical 
in obtaining breast cancer services in Nigeria. Consequently, the extent to which 
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members of the society hold the informed perception about the nature and care of 
breast cancer is crucial in accessing health provisions and services targeted at the 
disease.
Given that reproductive health-care provisioning has to do with the availability 
of health-care services to individuals in the society with regard to their reproductive 
well-being, societal perception of the causes, nature and management of breast 
cancer can be seen as making a major difference in whether aged women afflicted 
by breast cancer survive or not [2]. Among women, older women, i.e. those beyond 
childbearing age, may be seen as particularly disadvantaged. This is especially the 
case of Nigeria where the health needs of elderly women are not totally covered 
given the lack of a clearly conceptualized social policy on health care of elderly 
members of the Nigerian population [3]. Therefore, the survival and meaningful 
existence of women may not only depend on the health-care services available but 
also on the conviction of elderly their families and the larger society of the need 
to spend both time and money on the reproductive health needs of these women 
even as they have passed the stages of conception and childbearing. Breast cancer is 
without doubt largely a reproduction health problem much like cervical cancer. In 
this sense, both ailments can be addressed through reproductive health provision-
ing in the public health sector. Irrespective of the attitude of family members to 
the reproductive health of elderly women, there is also a crucial need for women 
as they age to become sensitive of the likelihood of reproductive health challenges 
they may encounter especially breast cancer and adopt right attitudes to such issues. 
Actually, a general consensus which appears true is that early detection makes a 
big difference in both the treatment and management of breast cancer. Conceding 
to this opinion, [4] asserted that the high mortality associated with the disease has 
been ascribed to late detection, lack of knowledge and inadequate medical response. 
In other words, knowledge and awareness by these women and the society at large 
are crucial. Hence, the poor attitude of society to women’s health including breast 
cancer may be the product of misconception or lack of awareness of the reproduc-
tive health-care challenges women face as they age.
Even though it is contended that 85–90% of cancer incidence is attributable 
to lifestyle choices as diet and smoking and environmental factors, culture is 
however seen as the single most influential determinant of these life choices [5]. 
Culture in this sense refers to factors which exist in a given social environment 
that influence or inform health-seeking behaviors as well as support system. 
Thus, such things as perception of nature of illnesses, early access to and avail-
ability of health services, beliefs about one’s susceptibility to a given illness, etc. 
are critical elements of one’s cultural environment in this case. Therefore, the 
effort to nib the incidence of breast cancer in the bud must start from a good 
awareness and knowledge of the sociocultural factors that influence both cancer 
risk behaviors and attitudes to its prevention and control. Scholars of reproduc-
tive health diseases have suggested that there is what may be conceived as an 
emerging breast cancer epidemic in Africa and some scholars see the increase in 
breast cancer as ironically related to such things as increasing life expectancy in 
the general population, improved control of infectious diseases and changing life 
styles including diet and obstetric practices [1]. As Oluwatosin and Oladepo [4] 
and Adebamowo and Ajayi [6] observed, breast cancer has become the number 
one or commonest form of cancer among women with an increasing mortality 
rate; unfortunately, the mortality associated with the disease has been ascribed 
to late detection, lack of knowledge and inadequate medical response. In view of 
the above, the focus of a study on breast cancer among elderly women as a core 
reproductive health challenge in Nigeria can be seen as really imperative.
191
Social and Institutional Support in Breast Cancer Management among Elderly Women in Nigeria
DOI: http://dx.doi.org/10.5772/intechopen.88748
Actually it has been established that breast cancer mortality can be reduced 
by 30% for women aged 50–69 years with routine screening and mammography fol-
lowed by appropriate treatment [7]. In other words, improved awareness of breast 
cancer and its appropriate perception and consequent behaviour modification 
are essential for prevention and control of the disease. Interestingly quite a good 
number of authors have identified socio-economic factors, adequacy or otherwise 
of the health-care system and cultural factors as the barriers to the utilization of 
such preventive practices as mammography, clinical breast examination and breast 
self-examination by women [8–10].
Perhaps, the challenges of the reproductive health care of the aged in Nigeria are 
underlined by the fact that nowadays, an increasing number of women are afflicted 
by diseases of the reproductive system long after ceasing childbearing. This prob-
lem is however not peculiar to Nigeria since there appears to be an observable steady 
increase in such diseases around the world [11]. But while a reproductive health 
disease like breast cancer may continue to affect elderly women, its early detection 
has often made a crucial difference between life and death.
This paper is therefore based on the study and findings from a study carried out 
in the Southeastern Nigeria which sought to reveal the dominant public perception 
and opinions regarding breast cancer among elderly women in Nigeria and how these 
affect social and institutional support in the management of the disease. The impor-
tance of the study is further enhanced by the fact that scholars are largely in agreement 
that breast cancer has been so far under-researched and dependence on small clinical 
and case studies has limited both social and medical responses to the disease [1].
2. Overview of literature
2.1 Sociocultural factors in the management of breast cancer
According to Oluwatosin and Oladepo [4], Adebamowo and Ajayi [6], Okobia 
et al. [12] and Adotey and Jebbin [13], awareness and knowledge of breast cancer is 
critical to its early detection and management because its treatment and manage-
ment are affected by social factors which according to Kagawa-Singer [5] and Levi 
[14] affect the treatment and management of breast cancer. These factors which 
the authors classified as lifestyle choices emanate from cultural beliefs, values and 
practices and may in fact be consistent with the fact that just like values and beliefs, 
awareness of the impact of breast cancer especially the likelihood of fatality differs 
among cultural and social groups globally.
While acknowledging the tremendous progress made in the understanding of cell 
biology and the genetic changes involved in oncogenesis, a few authors have pointed 
out the relative lag in sociocultural and behaviour studies of cancer which has under-
mined the expected impact of these advances on cancer control. As Kagawa-Singer 
(5:2) asserted, positive change in prevention and control of cancer means that “first, 
greater resources must be directed towards social and behavioural research, and 
second, better strategies must be developed to study the effects of cultural differences 
on health behaviour”. This sentiment is related to the earlier contention of DeVita  
et al. [15] in that currently only about 5–10% of cancer globally is known to be due to 
inherited genetic abnormalities, while the remaining 90% is attributable to lifestyle 
factors like smoking, diet and environmental factors which are largely determined or 
influenced by sociocultural contexts. Interestingly the above authors in spite of their 
medical backgrounds see studies of the social and behavioral factors impacting on 
awareness and knowledge of cancer as critical to its control and prevention.
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2.2 Social and institutional support
When confronted with challenges, having people to turn to or share problems 
with usually gives some sort of solace or succor to those affected. These sources of 
succor can come in form of social or institutional pillars aimed at giving readily 
available shoulders to lean on in times of distress. In the case of breast cancer, social 
support comes from interactions with people be they family, friends, co-workers or 
even the church community. Though it has not been established scientifically, this 
kind of support has been revealed to increase the quality of life and help promote 
recovery and patients who have some sort of social support have quicker recovery 
and better survival [16]. In another study on the importance of social support in the 
management of breast cancer, it was revealed that such support had a significant 
effect on emotional adjustment of the patients after surgery as this often comes in 
form of family and friends who talk to and help the patients with personal problems 
[17]. This can be explained by the fact that these patients from such relationships 
and interactions develop resilience against the diseases while nurturing the feeling 
that they are not alone in the fight.
Institutional support on the other hand can be described as the kind of sup-
port patients and their families receive from official bodies be it governmental 
or religious bodies. This institutional support more often than not comes from 
the church and herbal homes due to the belief that breast cancer is more spiritual 
than medical. In this kind of situation, the disease is viewed as caused by evil 
arrows from enemies and as such demands more for spiritual healing more than 
medical [17]. Unfortunately, when confronted with breast cancer, most women 
in Nigeria usually seek help from religious institutions more than medical atten-
tion, leading to late detection and a high mortality rate. According to Ololade 
et al. [18], they seek advice from an imam or a pastor, requesting for prayers for 
healing but do not seek anything else not just because of their faith in prayers but 
because they may not be able to afford treatment, thereby resigning to fate and 
hoping for the best.
In some cases, individuals receive institutional support for the treatment of 
breast cancer through their work places, and this makes it easier for both the 
patients and their families to maintain some level of emotional stability during 
the course of the treatment knowing that they do not have to bother about the 
financial implications of the disease. In a recent study by Mitchelle and Lorenz 
[19], it was revealed that those who have their employers paying for their medi-
cal bills are more likely to present early and seek orthodox treatment instead of 
running to churches and traditional healers. Therefore, whether social or institu-
tional, there is no gainsaying the fact that cancer patients and their families (just 
like any other category of people in distress) cope better with their challenges 
when they receive some form of support be it from close relations or from formal 
institutions.
3. Findings
The findings of this study are discussed here under the following subheadings:
1. Sociocultural factors in the management of breast cancer
2. Public health institutions and breast cancer management in Nigeria
3. Social workers and breast cancer care and management in Nigeria
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3.1 Sociocultural factors in the management of breast cancer
In line with the literature, it was discovered in the study that a number of 
factors influenced awareness and treatment of breast cancer in Nigeria. These fac-
tors ranges from sex, education, age to income, and social factors affect women’s 
awareness of the disease and their use and access to breast cancer services. The 
results of the study showed that 17.3% of the respondents in the study stated the 
major factors that affect women’s awareness and use and access to breast cancer-
related services in the state as financial constraints. This is because even if the 
services are made available on women’s doorsteps, using them would still be a 
problem as these women sometimes find it difficult to feed not to talk of being 
able to afford cancer treatments, which are usually very exorbitant. On the other 
hand, 9.8 and 18.7% argued that the factors that affect them the most are lack of 
awareness and illiteracy, respectively, because when one is either unaware of the 
availability of some services or completely uneducated, one’s use of these services 
will be limited if not non-existent entirely.
Therefore income was observed as having a direct relationship with awareness 
of breast cancer occurrence among elderly women. Hence, while only 31% of the 
respondents who earn low monthly income were aware of the occurrence of breast 
cancer among elderly women, 61.6 and 72.9% of those who earn middle and high 
incomes, respectively, were aware of breast cancer among elderly women. This is 
not surprising since improved income is a product of improved social status which 
places the individual in a position to access relevant health information. In agree-
ment with the preceding statement, one of the respondents in the IDI stated that:
“there is a relationship between income and awareness of breast cancer occurrence 
among elderly women because most rich people nowadays usually go for routine 
medical check-ups both within the country and abroad and this creates a lot of 
awareness on diseases such as breast cancer” [20]
The above gained credibility from the opinion of Ashing-Giwa [21] that finan-
cial constraints can serve as a barrier to the use of breast cancer preventive and 
control measures like mammography as women who are living at or below the 
poverty level have to struggle with competing issues such as food, shelter, safety and 
employment that take precedence over their own health and well-being. Therefore, 
given that improved income often results from higher education, this impacts on 
one’s awareness and knowledge generally.
From the foregoing therefore, it was not surprising when it was observed that 
the respondents with high education were more aware of the occurrence of breast 
cancer among elderly women than the others because the results showed that the 
higher the educational qualification, the higher the number of respondents who 
were aware of breast cancer occurrence among elderly women. Consequently, 
71.7% of those with high educational qualification (from university first degree and 
above) were aware of the occurrence of breast cancer among elderly women, while 
only 22.6% of the respondents with low educational qualifications were aware of 
the occurrence of the disease among elderly women.
In the words of Adebamowo and Ajayi [6] and Ohanaka [22], the elderly in 
Nigeria who are illiterate and reside in the rural communities are usually not 
reached during public health campaigns, hence, the lack of awareness of breast 
cancer among those who are uneducated. Ohanaka goes on to contend that though 
screening and mammography remain the most effective means of detecting breast 
cancer in elderly women, the facility is not readily available in Nigeria therefore 
leaving health education on the use of BSE as the only option. The above is 
Public Health in Developing Countries - Challenges and Opportunities
192
2.2 Social and institutional support
When confronted with challenges, having people to turn to or share problems 
with usually gives some sort of solace or succor to those affected. These sources of 
succor can come in form of social or institutional pillars aimed at giving readily 
available shoulders to lean on in times of distress. In the case of breast cancer, social 
support comes from interactions with people be they family, friends, co-workers or 
even the church community. Though it has not been established scientifically, this 
kind of support has been revealed to increase the quality of life and help promote 
recovery and patients who have some sort of social support have quicker recovery 
and better survival [16]. In another study on the importance of social support in the 
management of breast cancer, it was revealed that such support had a significant 
effect on emotional adjustment of the patients after surgery as this often comes in 
form of family and friends who talk to and help the patients with personal problems 
[17]. This can be explained by the fact that these patients from such relationships 
and interactions develop resilience against the diseases while nurturing the feeling 
that they are not alone in the fight.
Institutional support on the other hand can be described as the kind of sup-
port patients and their families receive from official bodies be it governmental 
or religious bodies. This institutional support more often than not comes from 
the church and herbal homes due to the belief that breast cancer is more spiritual 
than medical. In this kind of situation, the disease is viewed as caused by evil 
arrows from enemies and as such demands more for spiritual healing more than 
medical [17]. Unfortunately, when confronted with breast cancer, most women 
in Nigeria usually seek help from religious institutions more than medical atten-
tion, leading to late detection and a high mortality rate. According to Ololade 
et al. [18], they seek advice from an imam or a pastor, requesting for prayers for 
healing but do not seek anything else not just because of their faith in prayers but 
because they may not be able to afford treatment, thereby resigning to fate and 
hoping for the best.
In some cases, individuals receive institutional support for the treatment of 
breast cancer through their work places, and this makes it easier for both the 
patients and their families to maintain some level of emotional stability during 
the course of the treatment knowing that they do not have to bother about the 
financial implications of the disease. In a recent study by Mitchelle and Lorenz 
[19], it was revealed that those who have their employers paying for their medi-
cal bills are more likely to present early and seek orthodox treatment instead of 
running to churches and traditional healers. Therefore, whether social or institu-
tional, there is no gainsaying the fact that cancer patients and their families (just 
like any other category of people in distress) cope better with their challenges 
when they receive some form of support be it from close relations or from formal 
institutions.
3. Findings
The findings of this study are discussed here under the following subheadings:
1. Sociocultural factors in the management of breast cancer
2. Public health institutions and breast cancer management in Nigeria
3. Social workers and breast cancer care and management in Nigeria
193
Social and Institutional Support in Breast Cancer Management among Elderly Women in Nigeria
DOI: http://dx.doi.org/10.5772/intechopen.88748
3.1 Sociocultural factors in the management of breast cancer
In line with the literature, it was discovered in the study that a number of 
factors influenced awareness and treatment of breast cancer in Nigeria. These fac-
tors ranges from sex, education, age to income, and social factors affect women’s 
awareness of the disease and their use and access to breast cancer services. The 
results of the study showed that 17.3% of the respondents in the study stated the 
major factors that affect women’s awareness and use and access to breast cancer-
related services in the state as financial constraints. This is because even if the 
services are made available on women’s doorsteps, using them would still be a 
problem as these women sometimes find it difficult to feed not to talk of being 
able to afford cancer treatments, which are usually very exorbitant. On the other 
hand, 9.8 and 18.7% argued that the factors that affect them the most are lack of 
awareness and illiteracy, respectively, because when one is either unaware of the 
availability of some services or completely uneducated, one’s use of these services 
will be limited if not non-existent entirely.
Therefore income was observed as having a direct relationship with awareness 
of breast cancer occurrence among elderly women. Hence, while only 31% of the 
respondents who earn low monthly income were aware of the occurrence of breast 
cancer among elderly women, 61.6 and 72.9% of those who earn middle and high 
incomes, respectively, were aware of breast cancer among elderly women. This is 
not surprising since improved income is a product of improved social status which 
places the individual in a position to access relevant health information. In agree-
ment with the preceding statement, one of the respondents in the IDI stated that:
“there is a relationship between income and awareness of breast cancer occurrence 
among elderly women because most rich people nowadays usually go for routine 
medical check-ups both within the country and abroad and this creates a lot of 
awareness on diseases such as breast cancer” [20]
The above gained credibility from the opinion of Ashing-Giwa [21] that finan-
cial constraints can serve as a barrier to the use of breast cancer preventive and 
control measures like mammography as women who are living at or below the 
poverty level have to struggle with competing issues such as food, shelter, safety and 
employment that take precedence over their own health and well-being. Therefore, 
given that improved income often results from higher education, this impacts on 
one’s awareness and knowledge generally.
From the foregoing therefore, it was not surprising when it was observed that 
the respondents with high education were more aware of the occurrence of breast 
cancer among elderly women than the others because the results showed that the 
higher the educational qualification, the higher the number of respondents who 
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unsurprising since some of the respondents encountered in the interviews espe-
cially in Nsukka LGA were still totally uneducated with regard to breast cancer and 
as such had no ideas concerning its treatment and where they may be received. They 
were still confusing it with “mastitis” which is a disease of the mammary gland 
which inhibits the perfect flow of breast milk after child birth which in Nsukka 
dialect is referred to as “eshi era”. In the words of a middle-aged woman in the area, 
she requested that the interviewers describe the nature of the disease to her as she 
understood breast cancer to be a new name for “eshi era”.
3.2 Public health institutions and breast cancer management in Nigeria
Recent studies have revealed that the public health institutions played an 
insignificant role in the management and care of breast cancer among elderly 
women in Nigeria [20]. According to the study also, 26.1% of the respondents used 
in the study were of the opinion that most people affected by breast cancer in the 
state make use of the public health institutions in the state, while 73.9% were of 
a contrary opinion. According to some of the IDI respondents, depending on the 
public health institutions when afflicted by breast cancer can be equated to suicide. 
In the words of one respondent:
“How can someone afflicted with a disease as serious as breast cancer depend on the 
government hospitals for treatment and survival? Most times, if the doctors are not 
on strike, the nurses and other members of staff are on their own strike and worse 
still, sometimes, you are told that some of the drugs or equipment are either out of 
use or completely spoilt” [20]
These sentiments capture the extent of distrust people have in the public health 
institutions in the state when it comes to such diseases as cancer treatment, and 
this distrust of the public health institutions to assist elderly women suffering from 
breast cancer is not peculiar to Nigeria since it has been reported that some doctors 
in public health institutions are reluctant to consider surgery and resort to “tamoxi-
fen” (an effective anticancer drug) because it is easier to administer, but several 
studies have proven that the cancer will eventually grow and spread if a tumor is not 
first removed surgically, even if the patient continues to take the drug [23]. In their 
study, a group of scholars in their study of elderly Swiss women with breast cancer 
stated that the under treatment of elderly women with breast cancer is usually often 
based on the belief that they do not tolerate treatment and that among the Swiss 
many elderly women with breast cancer died because they did not receive full or 
appropriate treatment for their diseases; consequently, breast cancer patients over 
age 80 who did not receive adequate treatment had a much higher death rate from 
their cancer than women who did receive proper treatment [24].
According to Mitchelle and Lorenz [19] and Anugwom [25], it was also revealed 
that the respondents who said that public health institutions should not be trusted 
further stated that when afflicted by the disease, the best places to be visit would 
be private hospitals and chemists/pharmacists giving 27.2 and 25.2% of the respon-
dents, respectively. This in some way underlines a gross lack of faith and trust of 
people in government hospitals as one of the IDI respondents supported these 
opinions saying:
“When you go to these big teaching hospitals, it takes you days, even weeks to see 
a doctor except you know someone who works there and sometimes before you get 
the chance to see a doctor, the patient in question either dies or his/her conditions 
gets out of hand. This is unlike the private hospitals where both the doctors and 
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the nurses are usually friendly and treat their patients with utmost care in order to 
retain their patients and the reputations of their hospitals as their continued stay in 
the business and daily bread depend on these. Therefore, even though private hospi-
tals are usually more expensive, people still prefer to use them for their treatments 
or where the patient comes from a wealthy family, she is flown out of the country to 
such countries as India, Germany and the US for treatment” [20]
Interestingly also, another 47.6% of the respondents stated that people afflicted 
by breast cancer go to spiritual houses and herbalists, and this was buttressed by the 
fact that even key persons in the interview who were mostly doctors, public health 
officers and nurses were also of the opinion that sometimes, these diseases manifest 
as a result of charms and spells cast on people through evil means and given that 
God is omnipotent and can cure all sorts of diseases, He can also destroy the evil 
effects of the spell and heal the patients of their ailments.
3.3 Social workers and breast cancer care and management in Nigeria
Though social work and social workers through counseling and advocacy go a 
long way in helping patients and their families cope with ill health in developed 
countries, patients afflicted with cancer and their families in the southeastern parts 
of Nigeria do not experience this solace as social work faces the challenge of popu-
larity and professionalization in the country as a whole [2].
While trying to ascertain how much assistance and which services social 
workers rendered to individuals afflicted with breast cancer, the respondents 
were asked about their knowledge of professional counseling services or inter-
vention by professionals especially social workers in the case of breast cancer, 
and their responses were disheartening as they revealed a low level of knowledge 
of such services in the area. Most of the respondents did not even know what 
social work meant let alone knowing what social workers do, while those who 
claimed to know stated categorically that there were no social work services 
with regard to cancer detection, management, and treatment. It was just a few 
respondents in the high urban areas like Enugu North who stated that they knew 
of such services, and this also underlines the fact that those women in the rural 
or semiurban areas of the state are neglected not just by the government but 
also by individual bodies that rise up to the challenges of such deadly diseases as 
breast cancer.
In clearer terms, the results from the study showed that though 37.9% of the 
respondents used in the study argued social work services are available in the state 
to assist those affected by breast cancer, 62.1% of the respondents stated categori-
cally that there are no such services in the state, and this shows that those who 
believed that there are no such help for women suffering from breast cancer are 
more in number than those who said there are such services, thereby confirming 
the opinions of one of two key persons in the in-depth interview, a senior nursing 
officer in a popular teaching hospital in Enugu and a public health officer, respec-
tively; they opined that:
“though there are services going on in the state to help women detect cancer early 
enough to make treatment easier and more effective, these services are usually 
provided by some other groups or associations but there is none known to be 
organized and delivered by social workers”; “social workers though not totally new 
in the country any more, are yet to gain the same level of recognition they have in 
the western societies both from the Nigerian government and the individuals who 
need their services” [2, 20]
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respondents used in the study argued social work services are available in the state 
to assist those affected by breast cancer, 62.1% of the respondents stated categori-
cally that there are no such services in the state, and this shows that those who 
believed that there are no such help for women suffering from breast cancer are 
more in number than those who said there are such services, thereby confirming 
the opinions of one of two key persons in the in-depth interview, a senior nursing 
officer in a popular teaching hospital in Enugu and a public health officer, respec-
tively; they opined that:
“though there are services going on in the state to help women detect cancer early 
enough to make treatment easier and more effective, these services are usually 
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the western societies both from the Nigerian government and the individuals who 
need their services” [2, 20]
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This revelation challenges social workers in the state and Nigeria as a whole to 
get more involved and work towards meaningful intervention strategies in relation 
to public health and breast cancer in particular given that both cancer victims and 
their families need a lot of social support and counseling for their coping with 
cancer. This involvement of social workers can come in the form of creating more 
awareness on both the occurrence of breast cancer and ways of managing and 
treating it when it does occur. This opinion gains more substance by the results 
from the study where 76.4% of the respondents stated that people’s awareness of 
breast cancer and its prevention, care and management can be improved by social 
workers in the state through rural-based workshops/seminars, while 12.5 and 
11.1% stated that the awareness needed can be created through regular counseling 
for women with breast cancer and in-service training for medical practitioners 
respectively; this can be explained by the fact that people are usually more respon-
sive to things they are familiar with and, obviously, a lot of people are familiar with 
workshops/seminars [20, 25].
4. Methodology
The area of the study is Enugu State, a state that goes by such nicknames as “Wawa 
State”, “Coal” and “Ọrānke Amaichekù” which is a mainland state in southeastern 
Nigeria, and the study focused on three LGAs drawn from the state. Hence, the study 
was carried out in Nsukka, Udi and Enugu north local government areas [26]. These 
areas are within the same axis and made for easier data collection. Furthermore, these 
areas have similarities in their traditions and attitudes towards diseases because tradi-
tionally they believe that certain serious diseases occur in individuals’ lives as a result 
of evil deeds by the individuals or evil manipulations by the individuals’ enemies.
Enugu State has a population of 3, 267, and 837, and it was this population that 
formed the population of the study. The study sample was therefore drawn from the 
members of this population who are 18 years and above. Thirty respondents were 
selected for the in-depth interview (IDI) using the purposive sampling method, i.e. 
10 respondents from each of the LGAs. The selection was guided by gender equity, 
age variation and different educational levels of the respondents in a bid to cover as 
much diversity as possible in the sample. In this case, the researcher used judgmen-
tal criteria in selecting respondents considered both knowledgeable in the subject of 
the study and also representative of the population. Thus, such factors as sex, age, 
and the need to spread respondents throughout the various quarters in each LGA 
were used in ensuring gender and socio-economic diversity or spread in the selec-
tion of the respondents for the IDIs.
The in-depth interview guide/schedule addressed such issues as reproductive 
health of elderly women; awareness of breast cancer; dominant perception of the 
public health system and the management of breast cancer among elderly women; 
sociocultural factors impacting on perception of breast cancer among elderly 
women; societal perception of factors associated with breast cancer; services and 
agencies of breast cancer management, etc. They also provided probing questions 
aimed at generating more in-depth views or opinions and aided the researcher 
in maintaining focus during the interviews and in garnering deeper insights into 
people’s perceptions of the concerns of the study. In addition, the non-verbal ges-
tures and communications of the interviewees were also noted. These IDIs were con-
ducted by the researcher with the help of a research assistant who acted as a recorder 
and note taker. The interviews were conducted in locations and at times chosen by 
the respondents, and the interviews were also recorded in order to explicitly capture 
both verbal and non-verbal responses. Finally, the analysis of the IDIs focused on 
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identifying common themes in the study and used them as a basis for comparing and 
contrasting opinions of respondents and how these are consistent or otherwise.
5. Discussions and conclusion
The goal of the study was to find out the dominant public perception of 
breast cancer among elderly women and the sociocultural factors that influence 
awareness, treatment and management of breast cancer using Enugu State which 
portends both urban and rural characteristics. Due to low socio-economic status, a 
good number of the women in this category are in this day and time still struggling 
to understand what the disease is all about and what exactly causes it. Low level of 
education/illiteracy served as a very strong negative influence in the awareness of 
the disease in the state, and in some cases, they argued based on their convictions 
that it is “mastitis” which is locally referred to as “eshi era” in areas like Nsukka 
as this only affects nursing mothers and implies a collection of breast milk even 
though it does not flow and inflict a lot of pain on the nursing mother. This however 
is handled by the intake of some local herbs and the bathing of the breasts with 
some concoctions to make the milk start flowing. In the case of breast cancer, the 
worry is that it affects everyone especially those who had exceeded the childbearing 
ages. It was also not surprising that they did not go for the regular medically advo-
cated screening for breast cancer given that they do not even know what it means 
and what it is meant for.
Disheartening also was the discovery that most women died of breast cancers 
even after they had been detected because of their lack of access and use of the 
necessary health care needed for its treatment and management as a result of lack 
of funds and distance as they are often very far away from the places where these 
facilities can be accessed. Unfortunately, most public health centres that are eas-
ily accessible do not provide these women with the usual breast cancer screening 
and other related services needed for early detection. Even when they are eventu-
ally detected which are usually very late, financial constraints do not allow them 
to receive the necessary treatment to relieve their pains as the treatment is not 
subsidized by the government. Consequently, some of them refer to it as the big 
man’s disease stating that when a poor person is affected by the disease, it simply 
means that her days are numbered. For a good number of the women, all they know 
about the disease is that it is a disease that affects the breasts and which can only be 
treated through surgery (i.e. the removal of the affected breasts). As a result of this 
poor knowledge about the disease, it was not surprising therefore that such terms 
as mammography, screening and staging were totally novel to them underlining the 
level of unawareness of breast cancer among women especially those from lower 
socio-economic status.
Social workers are, therefore, encouraged to help in the fight against breast 
cancer by creating awareness through seminars and workshops for women and the 
general public taking into consideration the educational level of the target audi-
ence. Consequently, posters, pictures and PowerPoint presentations should be used 
in getting the clear nature and symptoms of the disease across women as well as 
showing them the correct ways of carrying out the BSE, what mammography is all 
about and when to start seeking such services. Since there is an established distrust 
of public hospitals, government should also organize seminars focusing not only on 
women or the general public but also on the medical personnel especially those of 
them working in rural and semiurban-based public health centres in order to sen-
sitize them to the kind of commitment needed in dealing with both cancer patients 
and their families bearing in mind that the disease poses a very serious challenge 
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poor knowledge about the disease, it was not surprising therefore that such terms 
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Social workers are, therefore, encouraged to help in the fight against breast 
cancer by creating awareness through seminars and workshops for women and the 
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showing them the correct ways of carrying out the BSE, what mammography is all 
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of public hospitals, government should also organize seminars focusing not only on 
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them working in rural and semiurban-based public health centres in order to sen-
sitize them to the kind of commitment needed in dealing with both cancer patients 
and their families bearing in mind that the disease poses a very serious challenge 
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not only to the affected persons but to their entire family. These seminars should 
also aim at educating the people on the right ways to live to prevent cancers and the 
right ways to live and manage them when they do occur. They should also be aimed 
at purging their minds of any misconceptions or stigmas they may have attached to 
the disease and those who are affected by it.
Finally, with regard to the theoretical framework, the study showed that the 
basic assumptions of the theories are true judging by the fact that those who 
believed they would be susceptible to breast cancer tried to live out a particular 
life pattern going in line with the Health Belief Model (HBM), while those who 
had little or no knowledge about the disease attributed it to charms or spells cast 
on individuals by other evil people in the society and had no idea how to deal with 
the disease or where to get help when affected by the disease going in line with the 
assertions of the Health Communication Theory (HCT).
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not only to the affected persons but to their entire family. These seminars should 
also aim at educating the people on the right ways to live to prevent cancers and the 
right ways to live and manage them when they do occur. They should also be aimed 
at purging their minds of any misconceptions or stigmas they may have attached to 
the disease and those who are affected by it.
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believed they would be susceptible to breast cancer tried to live out a particular 
life pattern going in line with the Health Belief Model (HBM), while those who 
had little or no knowledge about the disease attributed it to charms or spells cast 
on individuals by other evil people in the society and had no idea how to deal with 
the disease or where to get help when affected by the disease going in line with the 
assertions of the Health Communication Theory (HCT).
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Abstract
Violence against women and girls (VAWG) is a worldwide phenomenon. 
Globally, 35% of women have experienced physical or sexual intimate partner 
violence (IPV) or non-partner sexual violence in their lives. VAWG is estimated to 
cost the global economy about US$ eight trillion. Most studies on violence in Ghana 
discuss domestic violence or some forms of sexual violence but lack a comprehen-
sive view of VAWG and its costs and impacts on communities, businesses, and the 
national economy. Our international consortium undertook a mixed-methods study 
to estimate the economic and non-economic losses caused by VAWG. We surveyed 
2002 women and 805 male and female employees and conducted 24 in-depth inter-
views (IDIs) and 8 focus group discussions (FGDs). The study finds that costs of 
VAWG are high and multi-fold. It estimates costs to health, social relationships, and 
productivity for individuals, their families, and communities. Individual well-being 
and capabilities are impacted through absenteeism or missed care work and mental 
health issues. VAWG deepens household poverty by out-of-pocket expenditures 
that arise to address medical and legal issues that result from violence. Additionally, 
VAWG affects the vibrancy of communities as women’s participation and leadership 
decline. These costs accumulate to have profound effects on the Ghanaian economy 
and society.
Keywords: violence against women, intimate partner violence, costs of violence
1. Introduction
Violence against women and girls (VAWG) is a critical public health, societal, 
and economic problem affecting 35% of women globally [1]. Women from all 
countries, socio-economic status, culture and religion can be affected by violence 
perpetrated by spouses, other family members, authority figures, work colleagues, 
acquaintances and strangers. The impacts of such violence are widespread and long 
lasting, ranging from physical injuries, to functional disorders, to reduced capabili-
ties [1]. Countries in the continent of Africa are not exempt from such experiences. 
In this chapter we focus on evidence of the impacts of VAWG in Ghana.
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In this chapter we focus on evidence of the impacts of VAWG in Ghana.
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Ghana is a middle income country that has made progress in improving the 
status of women, currently ranking 59th out of 144 countries in the Global Gender 
Gap Index and 11th in Africa [2]. Nevertheless, VAWG has persisted as a problem 
affecting approximately one third of women during their lifetime [3, 4]. While 
there are a wide range of forms of violence that women in Ghana may experience, 
the most common form of violence reported across multiple studies, is intimate 
partner violence (IPV). Other forms of violence reported in Ghana include sexual 
violence by non-partners, violence by other family members, sexual harassment, 
forced and early marriage, female genital mutilation and other forms of harmful 
cultural practices [5–7].
Increasing the political will to invest in the prevention of VAWG is an ongoing 
task that many organisations in Ghana are undertaking. We aim to contribute to 
such efforts by providing evidence that VAWG affects the health and well-being of 
those who experience it directly, as well as their families and communities, creat-
ing costs that undermine personal capacity, family and community stability, and 
ultimately the economy as a whole. In this study, we focus on IPV, as well as violence 
against women by other family members in the home, violence in the workplace, 
educational institute and/or public space and consider the impact of physical, 
sexual, economic and psychological violence.
Our study examines the economic losses caused by VAWG and the non-
economic costs of violence that impact economic growth, development, and social 
stability. The project was supported by the UK Department for International 
Development (DFID) in recognition of the dearth of knowledge on the social 
and economic costs of VAWG. The study presented in this chapter is part of a 
larger project that the National University of Ireland, Galway with Ipsos-MORI 
and International Centre for Research on Women (ICRW), in collaboration with 
in-country partners, conducted in Ghana, Pakistan and South Sudan to estimate the 
economic losses caused by VAWG.
In this chapter we present evidence of the costs of violence as they impact on 
the health and wellbeing of women who experience violence in Ghana. We further 
consider the ‘costs’ to households and communities. Finally, we extrapolate some 
of these costs to the national level to consider how VAWG impacts the economy of 
Ghana. Importantly, these findings represent only a small proportion of the overall 
cost of VAWG, based on costs captured in the study that are tangible and quantifi-
able. The overall loss to Ghanaian society and economy due to VAWG is certain to be 
far higher than can be presented here.
2. Literature/state of knowledge
The literature about VAWG in Ghana provides a plethora of evidence about the 
depth and prevalence of the problem. The 2008 Ghana Demographic and Health 
Survey (GDHS) suggests that at least one out of every three ever-married women 
experienced some form of sexual, physical, and/or emotional violence from a 
husband or partner in their lifetime [3]. Similar findings were also identified in 
the recent Ghana Family Life and Health Survey (GFLHS) [4]. Here, the study 
found that 28% of women reported experiencing IPV (including physical, sexual, 
economic, social, and/or psychological violence) in the past 12 months. The study 
also highlighted the impact on daily life and wellbeing of survivors of IPV and their 
families [4].
Feminist contributions to understanding VAWG have identified that unequal 
gender power relations that are characteristic of patriarchy influence the forms and 
prevalence of VAWG in Ghana [5], as elsewhere on the African Continent [8], and 
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globally [9]. Heise’s ecological framework further develops the theory in relation 
to the aetiology of VAWG through recognition of the complex interplay between 
personal, situational and socio-cultural factors [10]. These contributions clearly 
situate the drivers of VAWG within social experiences, and thus importantly shift 
away from explanations of violence that are purely psychological (e.g. as a personal-
ity defect) or due to simplistic cause and effect (e.g. the woman burned the dinner 
so the man beat her). Such understandings have allowed the emergence of a wide-
range of interventions and programmes targeted at ending, reducing or mitigating 
VAWG [11]; however, investment and uptake of these remains limited, in part due 
to failure to fully grasp the impacts of violence on economic stability, growth and 
development. Heise’s application of the social and ecological framework to explain 
VAWG has been adopted internationally as a theoretical framework that calls atten-
tion to the interplay of factors at multiple levels, the individual, the household, the 
community and society as a whole. Our study uses this framework to discuss the 
impacts of VAWG at different societal levels as well [10].
A number of studies have demonstrated the pervasive effects of violence on the 
health of survivors. In 2016, in Ghana, a mixed methods nationally representative 
study found that 44% of women who had experienced domestic physical violence 
in the previous 12 months had been ill in the 30 days prior to the survey, compared 
to 31% of women who had not experienced this type of domestic violence [4]. In 
studies in northern Ghana, women reported feelings of worthlessness, suicidal 
ideation, hypertension, sleep disruption, genital sores, and premature termination 
of pregnancy as a result of the violence they experienced [12, 13]. The GFLHS study 
also identified strong correlations between exposure to IPV and serious mental ill-
ness. Relationships were further identified between IPV, health impacts and quality 
of life, with violence affecting women’s ability to go to work, to school, complete 
domestic chores, and concentrate on activities as well as reducing their level of 
confidence [4].
In addition to physical and mental health impacts and their sequelae, a number 
of studies in Ghana have outlined pathways through which VAWG impacts individ-
uals and households in Ghana. For instance, Essel finds evidence of women being 
prevented from working by intimate partners or who have their earnings taken by 
them [14]. Cantalupo et al. and Danso document costs to victims of VAWG, such 
as fees for doctors, that result in losses to household income [15, 16]. The children 
of women were also found to be affected by their mothers’ experience of violence, 
including impacts on behaviour and education that results in long-term opportunity 
costs [4]. However, there is a dearth of studies that aim to assess the costs of vio-
lence beyond the individual or household, resulting in a fragmented understanding 
of the true impact of VAWG in Ghana.
Despite the high prevalence, there is still a gap between needs and service provi-
sion to women and girls who have experienced VAWG. The government of Ghana is 
a signatory of international treaties that convey a framework for actions to prevent 
and combat VAWG [17]. Ghana has a Domestic Violence Act, which aims to protect 
domestic violence victims [18], and approved a National Gender Policy in 2015 [19]. 
Its main instrument at the local level, the Domestic Violence Victims Services Unit 
(DOVVSU), has a key role in implementing the law and policy on GBV in Ghana 
despite having only nearly 180 inadequately resourced units [17]. Advocating for 
adequate investment in programmes aimed at reducing the prevalence of VAWG or 
mitigating the impact of VAWG, in line with Government obligations, is facilitated 
by adequate information about the costs of violence.
Understanding the broad range of impacts of VAWG is still a key gap in the 
literature. Such evidence is particularly compelling to incentivise government 
investments in programmes and services for survivors. Identifying and quantifying, 
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Public Health in Developing Countries - Challenges and Opportunities
204
where possible, the costs of violence is thus an important contribution towards 
understanding and addressing VAWG in Ghana.
3. Methodology
This chapter discusses the impacts of VAWG and its health, social and economic 
effects on the families and communities of the survivors. We argue that the impact 
of VAWG goes beyond individual health effects. VAWG affects individual women 
and girls, their families, their communities and larger societal and economic 
structures (See Figure 1 for the conceptual framework of the study). Using this 
framework, this study measures the impact of intimate partner violence (IPV) and 
sexual violence by non-intimate partner (NPSV) on the health and wellbeing of the 
women and girls who experience violence. It also estimates the social and economic 
costs of VAWG by analysing the direct and indirect tangible and intangible costs by 
looking at the impact on both the individual and society.
For this, a mixed method study consisting of both quantitative surveys with 
women and with households and qualitative interviews was implemented. For 
the quantitative study, the team used a household questionnaire to collect data 
about the general household and individuals within the household and a women’s 
questionnaire applied only to women between 18 and 60 years of age. A multidisci-
plinary team surveyed 2002 women and 1917 households in 10 regions in Ghana.
The surveyors requested consent to a follow up qualitative interview to all 
participants in the women’s survey. The team selected women and men to partici-
pate in in-depth interviews (IDIs), key informant interviews (KIIs) and focus group 
discussions (FGDs) conducted in Ga and Twi. The team conducted 28 IDIs and 8 
FGDs with between 6 and 10 women and men and 10 KIIs (Table 1).
Figure 1. 
Conceptual framework of social and economic impacts of VAWG and economic loss.
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Researchers used Stata and/or SPSS for the quantitative analysis and NVivo 
to analyse qualitative data. During the analysis, the team created quality of life 
measures to establish health effects of IPV on the woman involved, her partner and 
her children. The authors used econometric modelling to establish implications, 
including economic, social and health, of experiences of violence. The analysis 
included violence at the household level and at the workplace, educational institutes 
and in public spaces. At the household level, the analysis included the type and 
nature of injuries suffered, and the impact of IPV on reproductive, physical and 
mental health.
4. Findings and discussion
The study found, in-line with previous studies, that violence is a common expe-
rience for women in Ghana. An estimated 46% of the respondents of the women’s 
survey reported having experienced physical, psychological, sexual or economic 
violence in the home, workplace, educational institution, or public space in the 
past 12 months. In the case of IPV, 43% of partnered women had suffered IPV in 
the last 12 months.
Incidents of violence ranged in severity. In relation to IPV, the study found that 
38% of IPV survivors reported suffering severe violence. This means that they 
experienced economic or psychological violence in a frequency greater than 10 
times, physical violence greater than three times and/or sexual violence during the 
last 12 months. Twenty-five percent of women reported moderate violence, defined 
as physical violence once or twice and economic and psychological violence 6–10 
times. Finally 36% reported low violence, defined as economic or psychological 
violence up to five times in past 12 months.
Additionally, women reported VAWG in a range of locations, and violence by 
different types of perpetrators, not just their partners or relatives. About 4% of 
the total sample in this study reported experiencing violence in educational insti-
tutions. About 18% of female respondents reported having suffered some form 
of violence in a public space, such as the market, on public transportation or on 
streets. About 43% of female respondents who are married or have a partner and 
47% of female respondents who are staying with other family members reported 
IPV and violence by other family members respectively. Twenty four percent of 
female respondents who were working reported workplace violence.
The evidence indicates that women in Ghana experience violence from a range of 
actors and locations. Notably, while violence occurs in workplaces, public spaces and 
in educational institutes, the home was identified as the place women are most likely 






Quantitative survey (female) 1046 956 2002
In-depth interviews (female) 15 13 28
Focus group discussions (male, 6–10 participants in each group) 15 13 28
Focus group discussions (female, 6–10 participants in each group) 16 19 35
Key informant interviews (female/male) 5 5 10
Table 1. 
Number of participants by type of data collection activity.
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and psychological well-being and on women’s capabilities is critical to assess to gain a 
deeper understanding of the scope and depth of the problem of VAWG in Ghana.
4.1 Impacts on women’s health, well-being, and capabilities
Impacts of VAWG can occur in a myriad of ways, often indirect, hence difficult 
to fully capture in a single study. However, the negative impact of VAWG on the 
health and well-being of survivors is clear. As is explored below, these impacts often 
have far-reaching consequences that go beyond the immediate injuries (whether 
physical or psychological) to constrain women’s capabilities in relation to a number 
of functions, including working, learning, and socialising.
4.1.1 Physical, mental health, and reproductive impacts of IPV
In line with the literature, participants in this survey and qualitative study 
identified a number of different negative impacts due to VAWG. These included 
physical, reproductive, and mental health impacts, discussed further below.
Many participants highlighted physical injuries, chronic pain, and disability as 
a result of beating, hitting, slapping, or other physically violent acts. Drawing from 
data from the women’s survey, a set of scores were constructed, including disability, 
illness, and depression scores, to identify the strength and significance of the rela-
tionship between these health outcomes and experience of IPV, the most commonly 
experienced form of VAWG in the study. The disability score was calculated based on 
the following elements: visual, auditory, mobility, cognitive, and articulation difficul-
ties. The score was computed by summing up the level of difficulty of these elements 
as experienced by respondents. There was a weak but statistically significant relation-
ship between experience of physical and/or sexual IPV and higher disability score.
Similarly, an acute illness score was constructed that identified particularly 
strong relationships between higher scores on the scale and experience of any form 
of IPV. The acute illness score was calculated based on: acute health problem, acute 
impairment, acute pain, consulting any health care worker, headache, loss of appetite, 
poor sleep, anxiety, difficulty in thinking clearly, mood, crying, loss of enjoyment, 
difficulty in making decisions, loss of productivity, loss of interest, worthlessness, and 
tiredness in past 4 weeks. The acute illness score was statistically significantly higher 
among women who experienced any of the forms of IPV considered (P-value <0.001).
Participants reported insomnia, feelings of anxiety, and varying degrees of 
depression. Women reported chronic fear after being raped; that fear was described 
as turning into intense and persistent worry that some women said “could lead one 
to lose [their] sanity”. A depression score, calculated based on suicidal thoughts, 
loss of interest, mood, poor sleep, tiredness, loss of appetite, worthlessness, and 
difficulty in thinking clearly, found that women who had experienced any form of 
IPV scored statistically significantly higher than women who had not experienced 
IPV (P value <0.001) (Table 2).
Out of the total sample of 2002 women, about 52% of women who had experi-
enced health problems in the last 4 weeks also reported experiencing IPV in the last 
12 months. Nineteen percent of women who experienced IPV reported having had 
suicidal thoughts. Out of this number, 63% attempted suicide.
The survey data was used to identify sexual and reproductive health impacts of 
physical and sexual violence (PSV). The proportion of women who had miscarried 
and had suffered PSV (15%) is higher than the proportion of women who have 
miscarried and have not suffered PSV (14%). We did not find significant differ-
ences between women who had suffered PSV and those who had not suffered PSV 
in terms of abortions and still births.
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IDI and FGD participants discussed the link between physical violence and 
sexual abuse and miscarriages and bleeding, and some mentioned contracting 
infectious diseases such as HIV and other STIs. Many participants linked VAWG 
experiences to fatal consequences indirectly as they discussed that depression could 
lead to suicide or fatal complications of unsafe abortions. Respondents discussed 
several instances of women who died, or were severely ill, from injuries suffered as 
a result of VAWG or unsafe abortions.
Notably, some participants also distinguished between acceptable and unac-
ceptable levels of physical violence, based on the degree of harm to the victim, as 
explained by a participant below:
“…There are different kinds of beating; there is love beating and a beating which 
can lead to death. There are times your husband will beat, but that is love beating… 
This small one will not hurt you [reference to love beating]. Wicked beating can 
lead to death…” - Urban In-Depth Interview, Female
4.1.2 Impacts on capabilities due to VAWG
The mental and physical health effects of VAWG can have secondary affects that 
impact on women’s capabilities. Participants described how violence could impact 
women’s mobility, as well as cause them to miss work and school due to physical 
injuries or psychological distress. VAWG can also create barriers to women’s social 
Economic Psychological Physical Sexual
Yes No Yes No Yes No Yes No
Disability score
Mean 0.52 0.43 0.49 0.44 0.65 0.41 0.77 0.43
Mean 
difference

















P value 0.293 0.554 0.012 0.011
Acute illness score
Mean 11.31 8.29 11.19 8.09 11.43 8.57 14.16 8.66
Mean 
difference

















P value 0.000 0.000 0.000 0.000
Depression score
Mean 3.2 1.6 2.8 1.6 3.02 1.71 3.98 1.78
Mean 
difference

















P value 0.000 0.000 0.000 0.000
Table 2. 
Physical and mental health outcome scores among partnered women in past 12 months [20].
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and political participation as well as economic agency. Rural participants discussed 
feelings of shame, fear, and embarrassment associated with having experienced 
VAWG that kept them from going out in their community to do chores or do attend 
social events. Participants also discussed remaining at home out of fear of encoun-
tering their perpetrator(s) while out in public.
“…She will not be able to go there [market]. She will fear that the man will show 
up over there to disgrace her. It is a market where a lot of people are found. If he 
shows up over there, the woman will feel bad so she will not go there, so that she 
will save herself of the disgrace. If she wants something from the market, she will 
send someone...” - Rural In-Depth Interview, Female
Women also reported missing work and being unable to conduct other daily 
activities given the physical and mental health effects, social stigma and reduced 
mobility that may result of experiencing VAWG. The women’s survey asked respon-
dents about missed work and schooling due to VAWG. The results show that about 
6% of women experiencing IPV missed on an average 11 days of work from their 
economic activity in the prior 12 months. Approximately 4% of women experi-
encing another form of violence reported missing about 10 days of work in the 
12 months. About 8% of women living with school going children reported children 
missing about 3 days annually due to IPV.
The withdrawal from social and work spaces due to VAWG places a constraint 
on women’s capabilities that may translate over time to reduced social status and 
position, isolation and further vulnerabilities. Missed work is likely to result in 
lost wages and carries with it a significant opportunity cost. These impacts further 
expose women to poverty, itself a risk-factor for violence. Thus, VAWG signifi-
cantly undermines women’s potential—an impact that may be passed on to other 
family members and the next generation.
4.2 Impacts to households
Individual women survivors of VAWG are not the only ones affected by the 
experience of violence. Family members, including children, are also likely to suffer 
a range of costs due to VAWG. Below, we discuss the findings of the impacts of 
VAWG on the health and finances of the relatives of survivors and the impact on the 
children of survivors.
4.2.1 Health effects on the relatives of survivors
Participants identified several mental health effects of VAWG on relatives of 
survivors. Among these effects, they discussed depression and feelings of guilt. 
They also discussed anxiety caused by threats from the perpetrator, social stigma 
and isolation. This anxiety may affect direct victims but also their relatives, includ-
ing parents or children of the women and girls affected by VAWG. Further, partici-
pants in the qualitative research described that victims of VAWG whose capacity to 
carry out chores and household duties was reduced, relied on family members for 
assistance. The time-burden of taking on such extra workloads by the relatives of 
survivors also contributes to a loss to households.
4.2.2 Economic costs
Families may experience increased expenses and/or loss of income or produc-
tivity due to VAWG. The lack of shelters and public support for VAWG survivors 
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create financial hardship that may lead to household dissolution or homelessness 
in extreme cases. Some participants emphasised that these financial burdens fall 
onto the woman’s family because there is a lack of formal social support for affected 
women and their families. Women described economic worries and concerns about 
their ability to take care of their children as a barrier to escaping VAWG. Families 
are burdened by hospital bills when survivors require medical care for physical 
injuries, pregnancies, STIs, or mental health care as a result of VAWG, in addition 
to the cost of caring for children of women who are no longer able to care for their 
children due to death or long-term injury.
The study also identified out of pocket expenditures incurred on health care, 
police, court, shelter and replacing property. For example, a participant described:
“…I was speaking to a woman about this yesterday, and she said when her husband 
gets angry at her, he just destroys things that belong to her…when she came back 
he had disconnected the light and spoilt her kettle…” - Rural In-Depth Interview, 
Female
To estimate these economic costs to households of VAWG an accounting meth-
odology was employed whereby costs were calculated for specific categories and 
added to calculate the total cost to households and/or society [21]. Tangible costs 
can be grouped into direct, from the use of goods and services and indirect, calcu-
lated using imputed monetary value such as lost income and reduced profits [22]. 
This approach was used to estimate the costs to households due to VAWG.
The calculations based on the accounting methodology described above were 
applied to the survey data. It was found that, on average, almost 11% of women 
experiencing IPV incurred costs of GH¢275.62 due to IPV. Among women experi-
encing any form of violence, 11% of women reported out of pocket expenditures 
equivalent to US$53 in the last 12 months, including on health-related expenditures, 
filing police reports, or replacement of furniture; this amount is equivalent to 10% 
of the annual per capita expenditure on non-food consumption in Ghana. This 
economic loss to households has the potential to result in further vulnerability, 
including poverty, or to the re-direction of funds away from long-term planning, 
such as children’s education or building a business, towards immediate survival.
4.2.3 Impacts on the children of survivors
IPV does not only affect the victims’ physical and psychological health and 
social wellbeing, but also the children in the home. Participants discussed direct 
effects on children, such as fear, anxiety, stigma, and pain; they also discussed how 
VAWG can lead to the loss of school days when homes are dissolved as a result of 
violence.
Evidence from the women’s survey provides further support that children are 
negatively affected by the violence experienced by their mothers. Twenty-one per-
cent of participants in the survey noted that their children felt scared after witness-
ing IPV. About 18% of them said their children felt confused and 14% reported that 
their children asked a lot of questions about the incident. An important finding was 
the children of women who experienced violence were more likely to miss school, 
due to their mother’s being unable to bring them, or having to help care for their 
mothers after an incident. It was found that 3 days of school were lost on average 
per year, among those women with children who reported violence and responded 
to the question. When extrapolated to the national level, this indicates that nearly 
300,000 school days are lost to children in Ghana annually—a significant drain on 
future potential.
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create financial hardship that may lead to household dissolution or homelessness 
in extreme cases. Some participants emphasised that these financial burdens fall 
onto the woman’s family because there is a lack of formal social support for affected 
women and their families. Women described economic worries and concerns about 
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children due to death or long-term injury.
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“…I was speaking to a woman about this yesterday, and she said when her husband 
gets angry at her, he just destroys things that belong to her…when she came back 
he had disconnected the light and spoilt her kettle…” - Rural In-Depth Interview, 
Female
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lated using imputed monetary value such as lost income and reduced profits [22]. 
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ing IPV. About 18% of them said their children felt confused and 14% reported that 
their children asked a lot of questions about the incident. An important finding was 
the children of women who experienced violence were more likely to miss school, 
due to their mother’s being unable to bring them, or having to help care for their 
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per year, among those women with children who reported violence and responded 
to the question. When extrapolated to the national level, this indicates that nearly 
300,000 school days are lost to children in Ghana annually—a significant drain on 
future potential.
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Participants and key informants mentioned that VAWG may become normalised 
among children who witness it in the household. They were especially concerned 
about how witnessing violence could lead to male children perpetuating violence in 
the future and female children accepting violence as a normal part of relationships. 
While this intangible impact cannot be immediately monetized, the long-term cost 
to society would be immense and would ultimately translate into economic costs.
It is clear that the cost VAWG is not only an issue for the survivor. It has impacts 
that ripple beyond the individual to their children and other relatives. Indeed, as is 
explored below, they also affect whole communities.
4.3 Impacts to community and participation
4.3.1 Help-seeking behaviour and service usage
Studies suggest that the rate of help seeking for VAWG, and IPV in particular, is 
generally low. Stigma, fear and challenges in availability and access all create barri-
ers to help-seeking. Our survey shows that only 3% of survivors of IPV reported any 
of the incidents to the police.
Among those who did seek help, participants mentioned seeking help from the 
Department of Social Welfare, police, and assemblymen as a source of legal aid 
and punishment for perpetrators; others sought help from local chiefs, traditional 
community elders, family elders, and religious leaders. However, many participants 
reported that women were unlikely to seek formal help, such as from police or legal 
institutions, preferring to seek advice from community or church elders, family 
members, or close friends, or to keep the issue secret. Reasons for this included 
normalisation (“this is just how marriage is”), that IPV is a personal issue, and love 
for their partners. One participant went further, to say that women who did report 
their husbands would be disparaged by the community:
“People insulted the woman that she was stupid and a foolish. How could she report 
a man who was the father of her children? Why did she not forgive the man for the 
sake of her children?” - Rural In-Depth Interview, Female
The evidence suggests that family unity and even community cohesion were 
deemed as more important than individual wellbeing. Thus, reporting violence was 
seen as either a failure of the woman to maintain a peaceful household or a selfish 
act that sacrificed her family’s reputation or wellbeing for her own interests. In 
such contexts, reporting of IPV is unlikely to occur, potentially reinforcing existing 
stigma against women who experience violence.
4.3.2 Women’s participation in the community and leadership
Respondents discussed how experiencing VAWG impacted women’s participa-
tion in community events and decision-making. They explained that a leader who 
experiences any type of VAWG would no longer be seen as having “the qualities of a 
leader” or as being “qualified” to give her opinion on issues in the community, as she 
would no longer be deemed a good role model. This affects the ability of survivors 
to take and keep leadership positions in their community. In communities where 
VAWG is common, the fear of experiencing violence may have an effect on women’s 
and girls’ mobility and leadership undermining their potential. Women and girls 
in the community who have not experienced violence themselves may reduce their 
mobility and participation in order to avoid the violence they have heard that others 
have experienced.
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“… It depends. People may decide to vote against her, or ask her to step down 
because they think she might not be a good example to the younger ones. At other 
times too, they may decide to help her fight against the violence she may be experi-
encing from her partner…” - Urban In-Depth Interview, Female
When women reduce their participation and involvement, communities experi-
ence a loss of input that undermines genuine democratic functioning. Considering 
the high proportion of women in Ghana who experience violence, the potential 
consequences of even a small percentage of them reducing leadership activities and 
participation, is substantial.
4.4 Impacts on the economy
The economic implications of VAWG at individual, household and community 
levels impact the overall economy via productivity loss. Productivity loss emerged 
as an impact that women and households experience and discussed within the 
qualitative research. A participant in a focus group with young urban women 
remarked:
“[A woman who is abused by her husband] will not be able to focus on her work 
so her income level will reduce. If you are working for someone, and you always 
have a divided attention, you will not be able to meet your set target.” -Urban Focus 
Group Discussion, Female
In the quantitative survey, productivity loss was probed through measuring 
absenteeism (missing work), tardiness (being late or leaving early by an hour), and 
presenteeism (being less productive or having less focus, low concentration, working 
slowly, stopping work or having an accident). The estimates of productivity loss due 
to IPV and VAWG more broadly were derived as the difference in means between 
working women experiencing violence and those not experiencing violence.
For women who experience IPV, the productivity loss was equivalent to 12 
working days per woman in the past 12 months; nearly two-thirds of this loss is due 
to being less productive at work and the remaining one third is due to absenteeism 
(see Table 3). For women experiencing any form of violence across various loca-
tions, the total days of lost productivity is 26 days per woman in the past 12 months. 
This translates into nearly 65 million days at the national level or equivalent to 
216,000 employed women not working, assuming women work 300 days in the 
year. Overall, the economy is estimated to lose output equivalent to 5% of its female 
workforce not working annually due to VAWG.
Category Due to partner violence Due to any violence
Mean days lost Total days lost Mean days lost Total days lost
Absenteeism 4.1 4,714,811 15.14 37,042,551
Presenteeism 7.49 8,601,655 11.27 27,789,032
Total 11.59 13,316,465 26.41 64,831,583
Notes for calculation of mean and total days lost:
-The weighted IPV prevalence rate among working women = 24.13% (based on study survey).
-The weighted any violence prevalence rate among working women = 51.47% (based on study survey).
-Used estimated number of women aged 18–60 in Ghana as of 2016 = 7,377,138 (Ghana Statistical Service—GSS).
-Used the employment rate of women 15+ 2016 = 64.6% (Ghana Labour Force Survey).
Table 3. 
National estimate of productivity loss due to violence [20].
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The impact of annual loss of output combined with the ongoing negative conse-
quences for the capability and participation of women establishes the systematic but 
unrecognised drain that violence against women and girls imposes on the economic 
prosperity and societal well-being of the nation.
5. Conclusion
In this mixed methods study, we found that VAWG is a persistent public health 
problem that affects women and girls who experience it, as well as their families 
and communities. Almost half of the women who participated in the women’s 
survey reported having experienced physical, psychological, sexual, or economic 
violence in the home, workplace, educational institution, or public space in the past 
12 months. The violence women and girls experience varies in severity. It also varies 
by type of perpetrator and place of experience. Women reported experiencing 
violence in educational institutions, in public spaces, such as the market, on public 
transportation or on streets, in their work places, and at home. Nevertheless, it was 
also found that the home was the most dangerous place for women in Ghana.
This study also found that there are clear negative impacts on the health and well-
being of survivors of VAWG. The effects that we identified have far-reaching con-
sequences that go beyond immediate injuries (whether physical or psychological) to 
affect women’s ability to work, learn, and socialise. Participants in the study identified 
physical, reproductive, and mental health impacts. The study also found a statistically 
significant correlation between an illness score, a depression score, and experiencing 
any form of IPV.
The effects of VAWG on the health of women who have experienced violence 
affect other areas of their lives, creating a complex net of effects that goes beyond 
their individual health and well-being to affect their livelihood, through the impact 
of VAWG on the women and girls’ capabilities, with economic costs that have to be 
covered by women and girls and their families. Family members’ health may also 
be affected by VAWG. More subtle and difficult to notice are the costs that VAWG 
brings to the communities and countries.
VAWG also affects community cohesion and, according to the participants in 
our study, is often underestimated given that women and girls hardly ever report 
VAWG to formal authorities. The overall economy of Ghana is impacted due to the 
productivity loss that results from VAWG.
The study highlights the importance of research on costs/impacts of violence 
that recognise the social embeddedness of individuals and their locations within 
broader ecological systems. Such approaches go beyond simplistic accounts of 
immediate injuries and impacts but rather recognize how negative impacts ripple 
outwards—both through social networks as well as through time—thus creating 
much more substantive impacts with consequences for societies, economies and 
generations. While this study focused on Ghana, similar effects have been identified 
in South Sudan [23] and are likely to be replicated throughout countries in Africa. 
Further studies on the costs of VAWG are recommended, particularly longitudinal 
studies that can produce robust evidence of the long-term consequences of VAWG 
on capabilities in developing countries.
This study identifies the serious and long-lasting costs of VAWG to individuals, 
households, communities and economy through assessment of data from Ghana. 
The evidence generated by this study can be used by advocates across developing, 
low-to-middle income countries in Africa to influence policy makers and stake-
holders, showing them the importance of investing funds in sustainable actions to 
prevent VAWG. Given the lack of funding for shelters and treatment for women 
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and girls who experience violence, the authors suggest increasing the funding for 
support services, treatment and prevention initiatives. Such investments are sure 
to yield high returns—reducing the human and financial losses that impact on the 
health of populations and, ultimately, achieving development goals.
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Obesity in School Children in 
India
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Abstract
The global prevalence of obesity has doubled from 1990 to 2015. Worryingly, 
the increase is more in children than in adults. In just three decades, the number of 
school-going children and adolescents with obesity has increased by 10-fold, and 
the International Association for the Study of Obesity (IASO) and International 
Obesity Task Force (IOTF) reckon that 200 million school children worldwide 
are either overweight or obese. The prevalence of obesity among 5- to 19-year-old 
Indian children, ranged between 3.6 and 11.7%. It is predicted that by 2025 there 
will be 17 million obese children in India. Urbanisation is the single most important 
factor linked to obesity in India. Epigenetic, dietary, familial, psychosocial, parental 
education and parental occupation are other important factors. About 50% of obese 
children will become obese adults. The prevalence of hypertension, type 2 diabetes 
dyslipidaemia and non-alcoholic fatty liver disease in children is also increasing 
parallelly. Prevention of childhood obesity is vital because it is near impossible to 
get children to lose weight and maintain it. A healthy diet and an active lifestyle 
should start from the pre-conception time itself and be continued through all stages 
of childhood.
Keywords: India, childhood, overweight, obesity, causes, consequences
1. Introduction
Non-communicable diseases are the biggest public health challenge of this 
century, and childhood obesity is an important part of this. Its rates have tripled in 
the US over the past 30 years. Today, 17% of US adolescents and 16% of children 
between 2 and 11 years are obese with prevalence being highest among Black and 
Hispanic children and adolescents [1]. Childhood obesity was so far thought to 
be a problem of the developed world, but it is increasingly being reported from 
middle- and low-income countries, especially from urban areas [2]. Obesity in 
children is not as easy to quantify as in adults. Body mass index is not an accurate 
measure of obesity in children. It is important to recognise childhood obesity and 
manage it, because if untreated, it can result in obesity in adulthood with all its 
attendant metabolic complications. Childhood obesity also has a deep psychosocial 
impact and is consistently associated with lower scholastic achievements. Weight 
once gained is difficult to lose, and hence prevention is important. This assumes 
greater significance with regards to children as compared to adults, because they 
are more susceptible to the constant bombardment by advertisements for energy-
dense food [3]. Immuring them from an obesogenic environment is a priority and 
a challenge. A number of innovative programmes to tackle childhood obesity have 
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been tried in different countries, and each one of them has important lessons for 
public health specialists and health policy makers. The WHO’s Commission for 
Ending Childhood Obesity opines that this problem requires, ‘a whole-government 
approach in which policies across all sectors systematically take health into account, 
avoid harmful health impacts, and thus improve population health and health 
equity’ [4]. The magnitude of the problem, causative factors, complications of 
childhood obesity and some solutions will be discussed.
2. Prevalence
2.1 Global prevalence
Obesity in school children is today an uncomfortable reality. The global 
prevalence of obesity has doubled between 1990 and 2015. Worryingly, the rate 
of increase in obesity in children is higher than that in adults in many countries 
[5]. Globally, about 10% of school children in the 5–17 age groups are obese or 
overweight [5]. The prevalence varies from 30% in America to less than 2% in 
sub-Saharan Africa. In just three decades, the number of school-going children and 
adolescents with obesity has increased by 10-fold, from 11 million to 124 million 
(2016 estimates). In addition to this, another 216 million children were estimated 
to be overweight though not obese in 2016 [6]. The International Association for 
the Study of Obesity (IASO) and International Obesity Task Force (IOTF) reckon 
that 200 million school children worldwide are either overweight or obese [7]. The 
problem probably starts early in childhood. A 2010 report estimated that 42 mil-
lion children under the age of 5 were overweight and of these, 35 million lived in 
developing countries. While the prevalence of childhood obesity may be plateauing 
in some developed countries, it is showing a steep rise in developing countries of 
Asia and Africa. Within Asia, China has the highest number (15 million) followed 
by India (14 million) [4]. Even within nations, certain subgroups like children of 
migrants and indigenous populations are at greatest risk of obesity [8].
The NCDRisC study pooled data for 2416 population-based studies. This 
included data of 31.5 million children and adolescents aged 5–19 years. The mean 
BMI in 1975 was 17.2 and 16.8 kg/m2 for girls and boys, respectively. It was lowest in 
South-East Asia and East Africa, and highest in Polynesia, Micronesia and English-
speaking regions. The age-standardised mean BMI for children and adolescents 
increased all over the world from 1975 to 2016. The increase was 0.32 kg/m2 per 
decade for girls and 0.40 kg/m2 per decade for boys. The mean BMI for girls and 
boys in 2016 was 18.6 and 18.5 kg/m2, respectively. The age-standardised mean BMI 
in 2016 was still lowest in South-East Asia and east Africa and highest in Polynesia 
and Micronesia. It was 16.9 and 17.9 kg/m2 for girls and boys respectively South 
-East Asia and Africa and 23.1 and 22.4 kg/m2 for girls and boys respectively in 
Polynesia and Micronesia. The regions with the largest absolute numbers of obese 
children and adolescents were East Asia, the Middle-east, North Africa, South Asia 
and English-speaking regions. It is predicted that if post-2000 trends continue, 
then by 2022, the number of obese children will outstrip those with moderate and 
severe underweight [3].
Peltzer reported that the prevalence of overweight/obesity in school children 
aged 13–15 years in seven ASEAN countries (excluding Brunei) was 9.9% [9]. 
The highest prevalence of overweight/obesity in all eight ASEAN countries was 
in Brunei Darussalam (36.1%), followed by Malaysia (23.7%). It was lowest in 
Myanmar (3.4%) and Cambodia (3.7%) [10]. Pengpid and Peltzer also studied the 
prevalence and factors affecting obesity in children in six Pacific island countries of 
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Oceania. Among the 10,424 children in the age group of 13–16 years, the prevalence 
of overweight and obesity was 24.3 and 6.1%, respectively. The researchers used a 
BMI of >30 kg/m2 to define obesity and defined overweight as a BMI between 25 
and 29.9 kg/m2. Therefore, their estimate may not be quite accurate [11].
2.2 Indian prevalence
India is caught in a nutrition paradox where stunting and underweight coex-
ist with overweight and obesity in children. National Family Health Survey-4 
(2015–2016) reported the prevalence of stunting, wasting and underweight in 
children <5 years to be 38%, 21% and 36%, respectively. In this survey, overweight 
was defined as weight for height being more than 2 SD above the median of the 
reference population. By this definition, 2% of Indian children under the age of 5 
were overweight. Unfortunately, data of older children are not forthcoming from 
this survey [12]. The prevalence of overweight/obesity among adolescent Indian 
children rose from 9.8% in 2006 to 11.7% in 2009 [13]. Lobstein and Jackson-Leach 
computed that there will be 17 million obese children in India by 2025 [14]. This 
trend is reported from all over India, both in urban and rural areas. Prevalence of 
overweight/obesity in children in Delhi increased from 16% in 2002 to 24% in 2006 
[15]. A study done in the urban areas of Udupi in South India, found prevalence of 
overweight and obesity in school children to be 10.8 and 6.2%, respectively [16]. 
Another study from Central India found 3.1% (95% CI 2.5–3.8) of children between 
10 and 17 years to be overweight and 1.2% (95% CI 0.8–1.8) to be obese and over-
all 4.3% were overweight/obese [17]. From Surat, in Western India, Gamit et al. 
reported the prevalence of overweight and obesity to be 10.2 and 6%, respectively 
[18]. In Kanpur, the prevalence of overweight and obesity were 4 and 2%, respec-
tively. The authors attributed this low prevalence, when compared to other studies 
from North India, to local dietary habits [19]. A systematic review conducted by 
Gupta et al., reported that prevalence of overweight, among 5–19 years children, 
ranged between 6.1 and 25.2%, while that of obesity ranged between 3.6 and 11.7% 
[20] Khadilkar et al., in 2010, estimated the combined prevalence of overweight 
and obesity to be 19.6% as per IOTF classification, while this was 27% according to 
WHO definitions [21]. Among adolescence, between 10 and 17 years, the percent-
age was 22.3 (as per IOTF cut off) and 29.8% (as per WHO cut off), and these age 
groups should be considered most vulnerable for adiposity [22]. The estimates 
will swing widely till all investigators adopt standard criteria for measurement of 
overweight and obesity.
3. Factors causing obesity in school children
Obesity is a result of imbalance between calorie intake and energy output. This 
may seem a facile explanation, but in reality it is due to a complex interplay of many 
factors. Biological factors can lead to childhood obesity through ‘mismatch’ and 
‘developmental’ pathways [4].
3.1 Genetic factors
Obesity is probably polygenic in inheritance. BMI may be 25–40% inheritable. 
But, like for hypertension and diabetes, behavioural and environmental factors 
play a big role. Genetics may just account for less than 5% of all cases of childhood 
obesity [23]. Maternal undernutrition or malnutrition and placental insufficiency 
lead to epigenetic changes that put these children at greater risk for developing 
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overweight and obesity when exposed to energy-dense foods and sedentary 
lifestyles when compared to children born of mothers with adequate nutrition. 
Maternal obesity or hyperglycaemia can also cause epigenetic changes, which pre-
dispose the children to increased deposition of fat tissue. Recent studies reveal that 




The GDB Collaborators Group did not find any gender difference in prevalence 
of obesity in children <20 years. In countries with high-medium and high SDIs, the 
prevalence was higher in boys than in girls with the trend reversing in late adoles-
cence [5]. The NCDRisC study also reported that gender disparity had narrowed 
considerably all over the world by 2016. They reported a flattening of the curve for 
both sexes in North-western Europe, high-income English-speaking countries and 
Asia-Pacific regions. The plateauing was also seen for boys in South-western Europe 
and girls in Central and Andean Latin America. In contrast, a rise in BMI was noted 
for both sexes in East and South Asia and for boys in South-east Asia. The preva-
lence of obesity was highest in Polynesia and Micronesia in both sexes being 25.4% 
in girls and 22.4% in boys. This was followed by the high-income English-speaking 
countries. Obesity prevalence was between 1 and 2% in Cambodia, Burkina Faso, 
Vietnam, Ethiopia, India, Madagascar, Republic of Congo, Japan, Nepal, Niger 
and Chad. The number of girls with obesity increased from 5 million in 1975 to 50 
million in 2016. For boys, the numbers are 6 million and 74 million, respectively [3]. 
However, other studies do report differences. The prevalence of overweight/obesity 
in children and adolescents is more in boys than in girls in developed countries (23.8 
and 22.6%, respectively). In developing countries, it is lesser in boys than in girls 
(12.9 and 13.4%, respectively) [24].
Studies from different parts of India also show that it is more common in boys 
than in girls. Ramachandran et al. reported the prevalence of overweight to be 17% 
in boys and 15.8% in girls in the age group 13–18 years from Chennai [25]. In the 
study from Udupi in South India, the prevalence of overweight and obese were 
11.0 and 7.1%, respectively, in boys and 10.6 and 5.4%, respectively, in girls [16]. 
Researchers from Wardha, in Central India, reported the prevalence of overweight/
obesity to be 4.4% in boys and 4.3% in girls [17]. In Pune, in Western India, the 
prevalence of overweight in children in the age group 9–16 years was 27.5% for boys 
and 20.9% for girls [26]. In Surat, the prevalence of overweight and obesity in boys 
was 12.4 and 8.2%, respectively, and in girls it was 7.2 and 2.7%, respectively [18]. 
Kapil et al. reported the prevalence of obesity in children aged 10–16 years in Delhi 
to be 8.0% for boys and 6.0% for girls [27]. Chhatwal et al. also found higher preva-
lence of obesity among boys than girls. They attributed it to the cultural advantages 
that boys enjoy in India. They get larger helpings of food at home, snack more as 
they have greater freedom to go out and also participate negligibly in doing house-
hold chores. The gender disparity was highest in the most affluent socio-economic 
groups. Among children going to the affluent school, the prevalence of overweight 
was 25% in boys and 16.6% in girls (p = 0.001). The prevalence of obesity was 19.9 
and 13.3%, respectively (p = 0.003). The prevalence was similar among boys and 
girls in the lower-income schools. They also found that only at the age of 15 years 
was prevalence of obesity/overweight more in girls than boys. This is explained by 
the pubertal hormonal surge and growth spurt that occurs earlier in girls than in 
boys [28]. These findings are reiterated in the systematic review of 28 studies by 
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Ranjani et al. who found that overweight and obesity were slightly more common in 
adolescent boys than girls in India [2].
3.2.2 Age
There is a distinct age pattern in childhood obesity. In their longitudinal study 
on 8544 children, Whitaker et al. reported that the prevalence of obesity was 13% 
at 9 years and dropped to 9% at 14 years and then increased again [29]. The GDB 
Collaborators Group also reported that the prevalence of obesity decreased with age 
till 14 years and then increased [5]. In the American NHANES 1999–2000 survey, 
the prevalence of overweight/obesity did not vary much in the age groups of 6–11 
and 12–19 years (15.3 and 15.5%, respectively) [30]. The findings by Chhatwal et al. 
in Ludhiana mirrored Whitaker’s study. Prevalence of obesity declined from 18.5% 
at 9 years to 7.6% at 14 year-end then again spiked at 15 years to 12.1% [28]. Ranjani 
et al. found that prevalence of obesity in under-fives was less than 2% across India. 
In children >5 years, it varied from 2 to 8%. Overweight rates were about 2× higher 
and were higher in North and East India than in South India. Among adolescents, 
the overall prevalence of overweight and obesity ranged between 3 and 24.7% and 
1.5–28% respectively [2].
3.2.3 Dietary factors
With globalisation, the dietary mores of Indian children has also started chang-
ing rapidly. Gulati et al. found that a majority of children surveyed in four urban 
centres preferred to eat out; they felt that home food was ‘old-fashioned’. Almost 
half of them also had their evening meals while watching television [31, 32]. 
Adolescents associate ‘junk food’ with independence and convenience and consider 
health food options odd [33].
In the Udupi study, there was no statistical correlation between frequent con-
sumption of carbonated drinks and being overweight/obese [16]. But in Oceania, 
Pengpid and Peltzer found that consumption of >1 carbonated drink per day 
increased OR for obesity by 1.32 (95% CI 1.09–1.61, p < 0.01) [11].
A drastic behavioural change is seen in Indian children in senior secondary 
schools. Those interested in taking competitive examinations stop physical activity 
totally and adopt a sedentary lifestyle. They enjoy eating packaged food items to 
relieve stress. These are usually energy-dense high fat, sugar and salt (HFSS) foods. 
Both nocturnal snacking and consumption of HFSS foods in the breaks between 
study sessions can lead to significant weight gain. Snacks rich in refined sugars and 
fats are habit forming and children get addicted to their flavours and tastes. This 
perspective is supported by a growing body of neuroscience researchers who have 
demonstrated that the chronic consumption of energy-dense foods brings about 
changes in the brain’s reward pathways that are central to the development and 
maintenance of habits. While it is difficult to precisely define ‘eating behaviour’, 
such habits are associated with pleasure centre in the brain (neural reward circuit-
ries)—characterised by symptoms such as loss of control while eating, over con-
sumption and/or binge eating, continued consumption of high calorie foods despite 
the knowledge of its negative consequences and inability to cut down despite the 
desire to do so [34, 35]. The vicious cycle of obesity in school children is shown in 
Figure 1.
The reinforcing value of food is higher among obese children than among chil-
dren with normal weight. In general, bland foods are not eaten in excess; whereas, 
highly palatable foods are often consumed even after an individual’s energy require-
ments have been covered. Some children fall prey to vicious cycle of impulsive 
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overweight and obesity when exposed to energy-dense foods and sedentary 
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Both nocturnal snacking and consumption of HFSS foods in the breaks between 
study sessions can lead to significant weight gain. Snacks rich in refined sugars and 
fats are habit forming and children get addicted to their flavours and tastes. This 
perspective is supported by a growing body of neuroscience researchers who have 
demonstrated that the chronic consumption of energy-dense foods brings about 
changes in the brain’s reward pathways that are central to the development and 
maintenance of habits. While it is difficult to precisely define ‘eating behaviour’, 
such habits are associated with pleasure centre in the brain (neural reward circuit-
ries)—characterised by symptoms such as loss of control while eating, over con-
sumption and/or binge eating, continued consumption of high calorie foods despite 
the knowledge of its negative consequences and inability to cut down despite the 
desire to do so [34, 35]. The vicious cycle of obesity in school children is shown in 
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The reinforcing value of food is higher among obese children than among chil-
dren with normal weight. In general, bland foods are not eaten in excess; whereas, 
highly palatable foods are often consumed even after an individual’s energy require-
ments have been covered. Some children fall prey to vicious cycle of impulsive 
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eating. Highly impulsive children often do not think about the reactions or their 
consequences. Besides overeating, these children seem to be vulnerable to food trig-
gers like the smell and taste of the food. It has been suggested that poor control of 
neural centres related to impulsivity and/or addiction could foster impaired control 
of food intake leading to overeating and subsequent obesity. Adaptive decision-
making and the ability to delay gratification may positively influence eating behav-
iour, particularly in an energy-rich food environment, where conscious control of 
energy intake is essential for the maintenance of healthy body weight [36].
3.2.4 Physical activity
The Wardha study showed a good correlation between physical inactivity 
and childhood obesity. On univariate analysis, the odds ratio (OR) of obesity 
in school children was 2.064 if they played outdoors for less than 30 min a day. 
Step-down multiple logistic regression analysis showed OR for the same children 
Figure 1. 
Vicious cycle of obesity in school children.
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to be 2.133 (95% CI: 1.373–3.301) [17]. In the study from Oceania, sedentary 
behaviour defined as sitting for ≥3 h/d increased the odds of being overweight/
obese OR1.17 (95% CI 1.03–1.34, p < 0.05) [11]. More frequent participations in 
sports correlated well with greater accretion of fat free mass. This finding was 
independent of ethnicity, individual, family, community and socio-economic 
factors. Walking or cycling to school also resulted in a lower fat mass index [37]. 
Kunwar et al. studied the prevalence of obesity in school children in a military 
station in North-Eastern India and concluded that the prevalence of obesity in 
garrison schools was lower due to the greater emphasis laid on games and physi-
cal activity [38].
3.2.5 TV watching
Sedentary lifestyle is associated with higher adiposity. Every additional hour 
of TV-time per day increases the prevalence of obesity in children by 2% [23]. 
Govindan et al. found that watching TV for >2 h/d was significantly associated with 
obesity (boys OR 1.19, p < 0.01, girls OR1.19, p < 0.01) [39]. The National Institutes 
of Health, US also consider TV-time of >2 h as a definite risk for obesity [40]. TV 
watching (passive screen time) is unhealthier than active screen time (computer 
and video games) [41]. Hours of TV watching also directly correlate with increased 
intake of foods frequently advertised on TV like sweets, sweetened beverages, cook-
ies, chocolates, sweetened cereals and salted snacks [42]. This habit of watching TV 
or playing games on mobile phones starts at an earlier age. During preschool period, 
most mothers have a tendency to feed children by distracting them. They let them 
watch cartoons on television or play games on mobile phones. This makes their job 
of feeding easier as the children do not resist feeding. In the process, they tend to 
overeat, being too distracted to signal the feeders that they are full. This tendency to 
overfeed themselves continues into adolescence also.
3.2.6 Psychosocial factors
Pengpid and Peltzer looked for impact of loneliness, lack of close friends, 
anxiety and worrying, suicidal ideation and bullying on occurrence of overweight/
obesity in school-going children in Oceania. The OR for being overweight with lack 
of close friends was 0.72 (95% CI 0.56–0.92, p < 0.01) and with suicidal ideation 
OR was 1.42 (95% CI 1.21–1.66, p < 0.001). The association with other factors was 
not significant on multivariate regression analysis [11]. The lifetime risk for anxiety 
disorders is higher for obese adolescents in comparison to non-obese ones [43]. 
There is a bi-directional relationship between eating disorders and depression mak-
ing both difficult to treat [44].
3.2.7 Familial factors
The family has a significant role to play in the development of childhood obesity. 
The influence starts even before the child is born. The first reported causal associa-
tion of intra-uterine undernutrition resulting in obesity in the offspring later in life 
was from the observation of children born to women who were pregnant during the 
Dutch famine [45]. Intra-uterine malnutrition may lead to a higher susceptibility 
to excess weight gain due to increased fat stores, short stature and a preference for 
foods high in fats [46]. This is the ‘mismatch’ effect alluded to earlier. A phenom-
enon known as ‘mirror imaging’ between the mother and her baby is observed 
in India. The baby’s birth size is predicted by the mother’s size before pregnancy. 
Despite this, birth weight has been found to be a poor indicator of adiposity in the 
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of close friends was 0.72 (95% CI 0.56–0.92, p < 0.01) and with suicidal ideation 
OR was 1.42 (95% CI 1.21–1.66, p < 0.001). The association with other factors was 
not significant on multivariate regression analysis [11]. The lifetime risk for anxiety 
disorders is higher for obese adolescents in comparison to non-obese ones [43]. 
There is a bi-directional relationship between eating disorders and depression mak-
ing both difficult to treat [44].
3.2.7 Familial factors
The family has a significant role to play in the development of childhood obesity. 
The influence starts even before the child is born. The first reported causal associa-
tion of intra-uterine undernutrition resulting in obesity in the offspring later in life 
was from the observation of children born to women who were pregnant during the 
Dutch famine [45]. Intra-uterine malnutrition may lead to a higher susceptibility 
to excess weight gain due to increased fat stores, short stature and a preference for 
foods high in fats [46]. This is the ‘mismatch’ effect alluded to earlier. A phenom-
enon known as ‘mirror imaging’ between the mother and her baby is observed 
in India. The baby’s birth size is predicted by the mother’s size before pregnancy. 
Despite this, birth weight has been found to be a poor indicator of adiposity in the 
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foetus. In Caucasian populations, birth weight is related to lean mass rather than 
to fat mass; whereas, in India, babies have more fat mass as compared to Europoid 
babies at every ponderal index. Babies with both low- and high-birth weights have a 
high risk of obesity in later life in India [47].
Maternal and paternal heights are independent predictors of childhood obesity. 
The highest adiposity is seen in children who exceed mid-parental height. Parental 
height may serve as a composite indicator of genetic factors, nutrition and growth 
during childhood [47, 48]. Many studies in India have shown that the mother’s 
BMI correlates with the child’s weight. This may be due to genetic factors and 
environmental factors such as shared diets and eating habits [31, 49]. Raskind et al. 
found that every overweight child had an overweight mother. The combination of 
overweight mother and child formed 11% of their study population which was one 
of the highest in Asian countries [50]. Rebecca Kuriyan studied the role of familial 
and sibling factors on abdominal adiposity in children in an urban location in South 
India. Multiple regression models showed that overweight status of father or mother 
was associated with the younger sibling having abdominal obesity (OR = 1.45 and 
1.81, respectively). If both parents were overweight, the OR for the younger sibling 
having abdominal obesity was 1.63 (95% CI: 1.33–2.99). If the older sibling had 
abdominal obesity, then the OR for the younger sibling to have the same was 3.22 
(95% CI: 2.30–4.50). When siblings were of the same sex, the odds were higher (OR 
3.55, 95% CI 2.24–5.65) than if the siblings were of different sexes (OR 2.73, 95% CI: 
1.67–4.46). The association was stronger among male sibling pairs (OR 4.18, 95% 
CI: 2.21–7.93) than female sibling pairs (OR 2.85, 95% CI 1.42–5.72). All the above 
findings were statistically significant (p < 0.01). These effects are probably due 
to behaviour modelling among siblings and this is strongest in same sex siblings. 
The younger child is likely to follow the elder sibling in a number of behavioural 
traits like academic engagement, smoking, alcohol use, substance abuse and sexual 
behaviour [48]. Not only are dietary habits of children modelled on those of their 
parents and peers, but they also pick up food preferences, intake and willingness 
to try new foods from them. The key to good dietary preferences is the availability 
and repeated exposure to a variety of healthy foods. Authoritative feeding refers to 
parents who determine what foods are offered and then allowing children to choose. 
This leads to a positive attitude to healthy eating. However, authoritarian restric-
tion of ‘junk foods’ works in the opposite way. It increases the children’s desire for 
these foods and leads to weight gain. It is also known that families that eat together 
consume healthier foods. There is a greater tendency to consume fast foods in single 
parent families or where both parents work. Eating out regularly and ‘TV dinners’ 
are both associated with higher intake of dietary fats [51, 52].
Peer support at school, supervision of studies by parents, parental connect with 
children and bonding have all been studied. Pengpid and Peltzer founds that odds 
for overweight/obesity correlated with peer support at school (OR1.28, 95%CI 
1.08–1.53, p < 0.01), parental support (OR 1.33, 95%CI 1.13–1.58, p < 0.001) and 
parental bonding (OR 1.31, 05%CI 1.12–1.54, p < 0.001) [11].
3.2.8 Socio-economic factors
There are many commonalities in socio-economic factors associated with 
childhood obesity from studies across India. Urban background has the strongest 
association. Familial economic status, educational levels of parents and job profile 
of parents are other important factors. The type of school that children study in 
also is an important determinant. Strangely, data on religious denominations is 
conflicting.
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Urbanisation is the strongest risk factor for obesity in India. Obesity is three 
times commoner in cities as compared to rural areas. Development of good roads 
and satellite television have blurred the divide between cities and villages. Youth 
migrating from villages to metros to study and work take back urban food habits 
and norms back to their villages. Thus, Indian villages are getting urbanised in 
their habits. This phenomenon is referred to as rubanisation or urbanisation 
in situ [47]. Bharathi et al. reported that the OR for obesity in school children 
from urban areas as compared to rural areas was 3.046 (95% CI: 1.662–5.582) 
[17]. Rapid urbanisation has led to ‘McDonaldisation’ of society in terms of an 
increase in the culture of eating out and eating fast foods. An important con-
tributory factor to this change has been increasing financial independence of 
women, who are now spending less time in their kitchens. Such households often 
pack energy-dense convenient food in school tuck boxes and also offer the same 
as snacks between meals. This results in excess consumption of calories by the 
children and leads to fat gain.
Higher socio-economic status is another risk factor. The GDB Collaborator 
Group found prevalence of obesity to be higher in countries with higher socio-
demographic index (SDI). A relative increase of 20% was found in the prevalence 
of obesity in children of both sexes between 1980 and 2015 in low SDI countries. 
The increase was greatest in countries with middle SDI [5]. An American study 
compared school children from two neighbouring communities, the first with 
a median household income of US$ 28610 and the second with US$ 46299. The 
prevalence of obesity was 22.2 and 12.6%, respectively (p = 0.01) [53]. Chhatwal 
et al. found a direct correlation between socio-economic status and overweight/
obesity in children from three different schools in Ludhiana, Punjab. Prevalence of 
obesity was 15.5% in children from socio-economic class I (highest income group), 
2.7% in children from class IV and 0% in children from class V (lowest income 
group.) [28]. Eagle et al. observed that as the average American household income 
decreased, frequency of consumption of fried food and TV or video time/week 
increased. Consumption of vegetables and moderate/vigorous physical exercise also 
proportionately decreased [54].
Kaur et al. reported three times higher number of overweight children (15.3%) 
and obese children (6.8%) in high-income schools as compared to children in 
lower-income schools [55]. Prevalence of overweight/obesity in children aged 
14–17 years from urban Delhi was 29% in private schools and 11.3% in government-
funded schools [15]. In Udupi, the percentage of children with BMI in overweight/
obese range were 6.9%, 10.9% and 31.2% for government, aided and unaided/
private schools, respectively (p < 0.001) [16]. Ramachandran et al. reported an 
overweight/obesity prevalence of 4.5% in low-income schools and 22% in better-off 
schools in Chennai [25]. Another interesting factor related to schools is the provi-
sion of free lunches or mid-day meals (in India). Govindan et al. reported that 
regular consumption of school lunches was associated with obesity in both boys and 
girls (boys OR 1.29, 95% CI 1.01–1.64, p = 0.04, and girls OR 1.27, 95%CI 1.00–1.62, 
p = 0.05) [39].
The effect of religion on childhood obesity is varied. In Udupi, the odds of 
overweight/obesity in children from Muslim or Christian homes was significantly 
higher (for Muslims the AOR was 2.26, and for Christians it was 1.60) in compari-
son to children from Hindu homes [16]. The authors attributed this to a focus on 
vegetables in the Hindu diet and a lack of meat [16]. In Wardha, however, the OR 
for obesity was 1.730 (p = 0.036) for Hindu children when compared to children 
from other communities [17]. Here, it probably was influenced by greater affluence 
of Hindus in comparison to Muslims and Christians.
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from other communities [17]. Here, it probably was influenced by greater affluence 
of Hindus in comparison to Muslims and Christians.
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4. Community/society level factors
Structural elements like road, transportation, structure of buildings, playgrounds, 
parks and public spaces influence obesity in children. Research conducted over the 
past decades provides increasing evidence that there is a direct correlation between 
easy access to supermarkets laden with cheap and readily available HFSS food and 
sweetened carbonated drinks and obesity in children. Increased concretisation and loss 
of public spaces and parks in cities have led to decrease opportunities for sports and a 
more sedentary lifestyle. Many poorer neighbourhoods are considered unsafe for chil-
dren because of drug pedlars and predatory adults. Parents prefer to keep their children 
indoors. Even when they have to go out or attend school, the parents drop them by car. 
Walking or cycling to school often considered a healthy activity is thus lost [23].
Children are bombarded by commercials of confectionary, chocolates, 
sweetened cereals and fizzy drinks on TV, billboards and magazines. Celebrity 
endorsements are a big influence on children. Nothing can be more telling than 
endorsement of a fizzy drink by a cricketing or football legend. Most cultures also 
use sweets and food as inducements for good behaviour or rewards. This further 
reinforces the habit of HFSS food intake.
Some common food myths related to children are shown in Table 1.
5. Consequences of obesity in school children
At least 30% of obesity begins in childhood and 50–80% obese children become 
obese adults [17]. Obesity is linked to greater and earlier mortality. The GDB col-
laborator Group found that the lowest overall risk of death was in the BMI range of 
20–25 kg/m2 [5]. As in adult metabolic syndrome, hyperinsulinemia is a key to most 
of the complication of childhood obesity also. Some of the consequences of child-
hood obesity are enumerated in Table 2.
Myths related to obesity in school 
children
Reality
Fat children are healthy, as they are not 
undernourished
Fat children are not healthy inside. About 28% of fat children 
have syndrome X. They have a risk for chronic lifestyle diseases
With age, children will gain height and 
loose fat
Majority of obese children become obese adults
So what, if a child is obese! Obesity is a 
problem of adults and not of children
Fat children are at risk of developing early diabetes. Girls may 
develop polycystic ovarian syndrome
Heart disease starts at old age Hardening and blockage of the arteries starts at 11 years in boys 
and 15 years in girls
Children do not develop high blood 
pressure or high cholesterol
Many children will have high blood pressure and low 
HDL-cholesterol
Children should eat, drink and be merry. 
Childhood will not return
Children should enjoy being active as such energy will not come 
again later
Children by nature are physically active Time on TV, Internet and studies leaves little time for play. 
Many do not participate in sports activity in mandatory sports 
periods in schools.
Observing a child to be fat is considered 
inauspicious
Obesity in children should be viewed with concern
Table 1. 
Some common myths in India society related to obesity in school children.
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5.1 Hyperinsulinemia
There is an early leaning towards adult South-Asian phenotype in children, 
probably starting in neonatal period. Hyperinsulinemia and its attendant meta-
bolic perturbations are more common in Asian neonates than in Caucasian ones 
[56]. Kuriyan and colleagues studied the waist circumference of Indian urban 
middle-class children between the ages of 6–16 years and found that their waist 
circumference was more than that of age- and sex-matched British children [57]. 
About one-third of the urban-Asian children have insulin resistance. The odds 
for hyperinsulinemia in one study were OR 4.7 (95% CI 2.4–9.4) in overweight 
children, OR 6.4 (95% CI 3.2–12.9) with high percentage body fat, OR 3.7 (95% 
CI 1.9–7.3) with high waist circumference, OR 6.8 (95% CI 3.3–13.9) with high 
waist hip ratio and OR 4.5 (95% CI 1.8–11.3) for sum of four skin-fold thicknesses 
(Sigma 4SF). Multiple logistic regression analysis showed that percentage body fat 
and Sigma 4SF were independent predictors of hyperinsulinemia with ORs being 
3.2 and 4.5, respectively [58]. This being so, the risk of chubby children becoming 
obese adults is real.
5.2 Paediatric metabolic syndrome
In parallel with increasing prevalence of childhood obesity, the prevalence of 
paediatric metabolic syndrome, hypertension and type 2 diabetes mellitus are also 
increasing. Insulin resistance has been clearly been implicated in pathogenesis of 
hypertension, coronary artery disease and polycystic ovarian syndrome [59]. A 
study from Shimla in Himachal Pradesh showed prevalence of metabolic syndrome 
in school children to be 3.3% with odds of having metabolic syndrome being signifi-
cantly linked to male sex, higher family monthly income, sedentary lifestyle and 
snacking in the evening [60]. The prevalence of metabolic syndrome in a study by 
Singh et al. in Chandigarh was 4.2%, and they did not find any difference between 
the sexes [61].
5.3 Childhood diabetes
The rise in prevalence of childhood obesity has mirrored the rise in prevalence 
of type 2 diabetes among children. For a long time, only type I diabetes was associ-
ated with childhood. The myth was shattered in 1979, when type 2 diabetes was 
described in children of Pima Indians. Type 2 diabetes accounts for 80% of child-
hood diabetes in Japan. The prevalence of type 2 diabetes in Japanese children rose 
from 0.2 to 7.3 per 100,000 children between 1976 and 1995 [62]. Ehtisham et al. 
observed that prevalence of type 2 diabetes in white UK children was significantly 
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Low self-esteem, increased depressive 
symptoms and unhealthy dietary 
practices
Low participation in social 
activities
Lack of social support due to less 
interaction with peers
Table 2. 
Hazards of obesity in school children.
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less than that in South-Asian children (0.10/100,000 vs. 1.42/100,000, p < 0.001). 
According to them, the relative risk for type 2 diabetes in an Asian child compared 
to a white child in UK was 13.7-fold. Family history of diabetes, prevalence of 
obesity in the family, female preponderance and pubertal onset were some of the 
other significant associations that they noted apart from the ethnic clustering [63]. 
Ripamonti et al. found the prevalence of impaired glucose tolerance (IGT) to be 
11% among the 398 obese Italian children studied [64]. Wabitsch et al. studied 520 
obese children in Germany, and noted the prevalence of IGT and type 2 DM to 
be 2.1 and 1.5%, respectively [65]. Vijayalakshmi Bhatia observed that type 2 DM 
accounted for 10% of diabetes detected in children between the ages of 10–18 [66]. 
A higher BMI, and increased truncal and abdominal fat were important determi-
nants of hyperglycaemia and insulin resistance [67, 68]. The GDB Collaborators 
Group found diabetes to be the second commonest cause of BMI-related deaths and 
DALY. It accounted for 9.5% of all deaths at a BMI of ≥30 kg/m2 and 4.5% occurred 
at a BMI of <30 kg/m2 [5].
5.4 Dyslipidaemia
Nearly 17% of obese adolescent American youth have abnormal non-HDL-
cholesterol. Class III obesity is associated with high total cholesterol (19%), low 
HDL-cholesterol (≤19%) and high triglycerides (29%) [69]. The commonly 
observed pattern of dyslipidaemia in obesity is one with increased triglycerides 
(TG), decreased HDL-cholesterol (HDL-C) and high normal or mildly raised 
LDL-cholesterol (LDL-C). The NHANES data indicate that in the US 42.9% of 
children with BMI >95th percentile have this pattern of dyslipidaemia [70]. Obesity 
is consistently associated with low HDL-cholesterol values [71]. In obese children 
and adolescents, there is a positive correlation between BMI and levels of VLDL 
and LDL-cholesterols [72]. The Princeton follow-up study conducted family lipid 
surveys between 1973 and 1978. Of all the children surveyed, 808 agreed to be a 
part of a CVD survey when contacted in 1998 and 19 live subjects reported CVD 
events. These events occurred at a mean age of 37.1+ 4.9 years. BMI and TG levels in 
childhood correlated significantly with occurrence of CVD events (p = 0.012 and 
0.0001, respectively) [73].
5.5 Hypertension
Childhood obesity is associated with future development of hypertension. In 
fact, elevated BMI even in infancy is associated with high BP later [74, 75]. Risk 
of hypertension is two-fold with obesity and four-fold with severe obesity [76]. 
The prevalence of hypertension in children in the US varies from 3 to 5%, but it 
rises to about 25% in children with obesity [77]. Yadav et al. found the prevalence 
of pre-hypertension and hypertension to be 1.14 and 2.57%, respectively, among 
school children in the age group of 10–16 years in Kanpur, North India. Among 
overweight children 6.25% were pre-hypertensive and 12.5% were hypertensive 
and among obese children, the figures were 14.28% and 42.5%, respectively. 
The  association in both cases was statistically significant [19]. Vedavathy and 
Sangamesh studied prevalence of hypertension in school children between the ages 
of 11–19 in Bangalore. Pre-hypertension and stage I hypertension were found in 
3.6% of the students. The prevalence was significantly higher in children with BMI 
>23 kg/m2. Family history of hypertension and obesity were significantly associ-
ated with pre-hypertension and stage I hypertension in the children (p < 0.001) 
[78]. An epidemiological survey of school children in Delhi found the prevalence 
of hypertension (systolic, diastolic or both) to be 11.9% in boys and 11.4% in girls. 
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There was a positive correlation between hypertension and BMI [79]. In another 
study from North India, Gupta et al. surveyed 3851 children between the ages 
of 5 and 15 and found that 292 were obese. The prevalence of hypertension was 
0.34% among the obese children and 0.16% among the non-obese children 
[80]. In another study from Ludhiana, where 5000 children in the age group of 
5–17 years were studied, the prevalence of hypertension in obese children was 
3.5% and among normal ones 0.23% [81]. Hypertension in obese children results 
from an interplay of numerous factors which include, increased intravascular 
volume, increased cardiac output, increased sympathetic tone, increased steroid 
production, increased sodium intake and increased sodium retention and hyper-
insulinemia. Among adolescents, hormonal changes and biological maturation are 
additional contributory factors [82, 83]. By the time hypertension is diagnosed in 
childhood, 20–40% have left ventricular hypertrophy. This correlates with high 
carotid intimal-media thickness (cIMT), which is a known predictor of heart-
failure in childhood [77].
5.6 Cardiovascular disease
In relation to high BMI, cardiovascular disease (CVD) was the leading cause 
for death and disability-adjusted life-years (DALY). It accounted for 2.7 mil-
lion deaths and 66.3 million DALY. Among the obese, 41% of deaths and 34% 
of DALY were due to CVD [5]. Current adolescent overweight prevalence is 
estimated to increase future adult obesity by 5–15% by 2035, and this will result 
in an additional 100,000 CVD cases [84]. Cardiovascular disease associated 
with obesity is usually secondary to hypertension (already discussed above) and 
atherosclerosis. Atherogenesis is mainly due to sub-intimal deposition of LDL-
cholesterol particles. The combined atherogenicity of childhood obesity is an 
ideal scenario for this to occur. High circulating levels of small LDL-cholesterol 
particles and decreased clearance of the same by LDL receptors increases risk 
of their entrapment in the sub endothelial matrix. Further, low levels of HDL-
cholesterol limit reversal of cholesterol transport. An objective measure of the 
damaging potential of atherogenicity of combined dyslipidaemia in childhood is 
the carotid intimal-media thickness (cIMT). The Young Finns study followed up 
children from childhood for 21 years. Children with combined dyslipidaemia had 
significant cIMT compared to normo-lipidaemic controls even after adjusting for 
other factors [85]. The Childhood Cardiovascular Cohort (i3C) was a 23.4 years 
follow-up of 2893 children aged 12–18 years across three continents. i3C data 
showed a strong correlation between childhood obesity, hypertension and dyslipi-
daemia with high cIMT in adulthood. Obesity increased the risk for high cIMT 3.7 
(2.0–7.0)-fold and hypertension by 1.9 (1.3–2.9)-fold [86]. Another study showed 
that 90% of children with high cIMT also had left ventricular hypertrophy [87]. 
Obesity has been associated with a 50% increase in heart-failure incidence among 
young adults (18–34 years) from 1987 to 2006 in the US [88]. The frequency of 
stroke and renal failure are also higher in young adults with history of childhood 
obesity [89, 90]. In a recent study published in JAMA, positive associations were 
observed between consumption of artificially sweetened soft drinks and death 
due to circulatory diseases (>2 drinks/day vs. <1 glass per month; HR 1.52; 95%CI 
1.30–1.78, p = 0.001) [91].
Sub-clinical vascular inflammation may also be a contributory factor to develop-
ment of CVD. In Indian adolescents, raised C-reactive protein (CRP) levels are seen 
in 13% of all subjects, 22% of overweight and 25% of obese ones. CRP levels have a 
strong association with percentage body fat, WHR, waist circumference and triceps 
skin-fold thickness [92].
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5.7 Non-alcoholic fatty liver disease (NAFLD)
Non-alcoholic disease is a component of metabolic syndrome. It is being 
increasingly recognised since abdominal ultrasonography has become a common 
diagnostic tool. The overall prevalence of NAFLD in children is about 10%, which 
includes a prevalence of 17% in teenagers and 40–70% in obese children. Steatosis 
per se is benign and self-limiting but it can progress to non-alcoholic steatohepatitis 
(NASH) in 3–5% of patients [93]. In the US, about 12–24% of the children are obese 
and 10–25% of these have elevated serum transaminases. That means that 1–4% 
of children, in the US, are obese and have deranged transaminases and are at risk 
for NAFLD [94]. A more accurate estimation comes from an autopsy study done in 
San Diego. Steatosis was found in 9.6% of children between 2 and 19 years of age 
and in 38% of obese children autopsied between 1993 and 2003 [95]. Prevalence 
of NAFLD in obese children in China is estimated to be between 20 and 77% [96]. 
The latest theory on pathogenesis of NAFLD is a ‘multi-hit’ one where there is an 
interplay of numerous factors like hepatic fat accumulation, insulin resistance, 
oxidative stress due to genetic and epigenetic factors, unfavourable lifestyles, gut 
microbiota, gut-liver axis dysfunction, and trace element deficiency and fluctua-
tions [97, 98]. The best predictors for NASH in obese individuals with no evidence 
of other liver disease are elevations of AST or ALT to >200 IU/L, or any elevation of 
AST (>46 IU/L) and ALT (>35 IU/L) for greater than 6 months. These criteria iden-
tified 100% cases of NASH in a small study [99]. If detected early, hepatic steatosis 
is reversible. Weight loss is the most effective treatment. A 10% reduction in weight 
can normalise AST, ALT values and decrease ultrasound evidence of fatty liver on 
30 months follow-up [100]. Compliance to weight loss and lifestyle changes is poor, 
especially in children. A number of medical and surgical therapies are emerging. 
Medical approaches include micronutrient supplementation (Vit E, Vit D, PUFAs, 
choline), probiotics, anti-obesity medication, metformin, cysteamine, antioxi-
dants, obeticholic acid, growth hormone, lipid-lowering agents and hormones like 
adiponectin, resistin and TNF alpha. Surgical approach is mainly bariatric surgery 
[93]. These therapeutic measures could serve as boosters for the weight loss and 
lifestyle programmes which are difficult to sustain on their own.
5.8 Other disorders
5.8.1 Endocrine
Adipocytes secrete hormones which have paracrine and exocrine actions. 
The common abnormalities noted include increased production of steroid 
hormones, decreased progesterone secretion in females and decreased testos-
terone secretion in males. There is also a strong association between obesity and 
occurrence of polycystic ovarian syndrome. A study from Bombay looked at 
the prevalence of PCOS among 600 girls in the age group of 15–19 years from 
under privileged backgrounds. The prevalence of PCOS by Rotterdam criteria 
was 22.5%. PCOS was more common in obese than non-obese girls (p = 0.002) 
[101]. In comparison to Caucasians, Asian girls develop PCOS at an earlier 
age, are more symptomatic and have more fasting hyperinsulinemia and lower 
insulin sensitivity [102].
5.8.2 Orthopaedic
The most serious orthopaedic disability associated with childhood obesity is 
slipped capital epiphysis of the femur. Blount disease is another disorder that has 
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a strong association. About 50–80% of children with Blount disease are obese. 
Minor problems like flat feet, knock knees and frequent ankle sprains are also more 
 common [83].
5.8.3 Psychosocial
Obesity is described as ‘one of the most stigmatising and least socially acceptable 
conditions of childhood’. [103]. Not surprisingly, low self-esteem and poor body 
image adversely impacting scholastic performance are common in obese children. 
They are bullied and excluded from group activities, especially sports and games, 
because they are slower and less agile. They get marginalised and withdraw from 
society. This makes them more sedentary and also predisposes them to eating 
disorders which further worsen their obesity [104].
6. Interventions to tackle obesity in school children
The plateauing of BMI of children and adolescents in high-income countries 
may be due specific initiatives by governments, community groups, schools and 
individuals and increased public awareness about the hazards of childhood obesity. 
Findings from the i3C study identified obesity, hypertension and dyslipidaemia 
as the three key modifiable factors in childhood that result in high cIMT in adult-
hood. All can be addressed effectively by lifestyle modification and medication. 
Obesity is easily apparent but difficult to treat on a sustained basis due to a variety 
of reasons. Hypertension and dyslipidaemia are more difficult to identify due to 
confusing cut-offs and multiple guidelines. Lifestyle modification is easy to suggest 
but difficult to implement. Care-givers and parents lack sufficient knowledge about 
dietary modifications and exercise programmes to advise children. Depression, low 
self-esteem, lack of peer and parental support and rebellious nature of adolescents 
make implementation of lifestyle changes difficult. Thus, a multi-modal approach 
to childhood obesity is required. Even modest loss of weight can lead to significant 
reduction in TG levels and increase in HDL-C levels. Even without weight loss, 
regular exercise training can have the same effect on serum lipids [105].
The WHO has included tackling childhood obesity as one of its priority areas. It 
has suggested a three-pronged strategy: reducing the risk of obesity by addressing 
critical elements in the life course, tackling obesogenic environment and norms and 
lastly treating obese children to improve their current and future health.
There is enough evidence to support the fact that undernutrition during 
pregnancy, excessive weight gain during pregnancy, hyperglycaemia during 
pregnancy and smoking and exposure to other toxins increase the risk of obesity 
in the child during infancy and childhood. Even obesity in fathers can increase 
risk of obesity in the child through epigenetic factors. Ensuring good health dur-
ing pregnancy and a safe delivery are both important for the child’s health. The 
WHO guidelines include dietary advice to prospective parents before conception 
and during pregnancy, avoidance of smoking, alcohol and other toxins. Early 
detection of gestational diabetes and hypertension, monitoring and managing 
gestational weight gain are other important measures suggested. Ensuring that 
the baby is exclusively breast-fed during the first 6 months of life and that breast 
feeding is continued even after complementary feeding is started are important 
to prevent malnutrition and deposition of excess fat in the baby. The magnitude 
of the gap between policy and implementation can be gauged from the Indian 
NFHS 2015–2016 data which show that despite recommendations for exclusive 
breast feeding up to an age of 6 months, only 55% of Indian infants were actually 
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to childhood obesity is required. Even modest loss of weight can lead to significant 
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The WHO has included tackling childhood obesity as one of its priority areas. It 
has suggested a three-pronged strategy: reducing the risk of obesity by addressing 
critical elements in the life course, tackling obesogenic environment and norms and 
lastly treating obese children to improve their current and future health.
There is enough evidence to support the fact that undernutrition during 
pregnancy, excessive weight gain during pregnancy, hyperglycaemia during 
pregnancy and smoking and exposure to other toxins increase the risk of obesity 
in the child during infancy and childhood. Even obesity in fathers can increase 
risk of obesity in the child through epigenetic factors. Ensuring good health dur-
ing pregnancy and a safe delivery are both important for the child’s health. The 
WHO guidelines include dietary advice to prospective parents before conception 
and during pregnancy, avoidance of smoking, alcohol and other toxins. Early 
detection of gestational diabetes and hypertension, monitoring and managing 
gestational weight gain are other important measures suggested. Ensuring that 
the baby is exclusively breast-fed during the first 6 months of life and that breast 
feeding is continued even after complementary feeding is started are important 
to prevent malnutrition and deposition of excess fat in the baby. The magnitude 
of the gap between policy and implementation can be gauged from the Indian 
NFHS 2015–2016 data which show that despite recommendations for exclusive 
breast feeding up to an age of 6 months, only 55% of Indian infants were actually 
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exclusively breast-fed. Many children in this age group were given other foods 
like plain water (18%), other milk (11%) and complementary foods (10%). Breast 
feeding can be encouraged by educational programmes for pregnant women, 
legislation and regulations to provide feeding rooms and time for breast feeding in 
work places, and by giving new mothers maternity leave. Nations should imple-
ment the International Code of Marketing of Breast-milk Substitutes and other 
World Health Assembly resolutions to promote breast feeding. During infancy 
and childhood, parents and care-givers should be given guidance and support 
to encourage consumption of a variety of healthy foods, avoidance of sugar-
sweetened milks and juices and energy-dense nutrient-poor foods. Enforcing 
regulations on marketing of complementary foods and beverages and subsidising 
healthy foods are other measures [5, 12].
Further, there should be government regulations on the types of foods and 
beverages that can be served in school meals. Provision of safe potable drinking 
water in schools is another basic requirement. Teaching children and parents about 
healthy eating and having an active lifestyle should be an integral part of school 
curriculum at all stages. Cookery class in schools is another way of teaching both 
children and parents about healthy food options. Making time in school schedules 
for play-time, encouraging sports by providing space and facilities both at schools 
and in communities will enable children to be physically active. A mandatory 
physical education programme is another good option. The government’s role also 
includes enforcing ban of sale of HFSS foods and sweetened drinks in schools and 
around school premises.
Regular health check-ups and growth monitoring should also be an integral 
part of school life. Children who are overweight or obese should have easy access 
to treatment including psychotherapy, medications for hypertension, diabetes and 
dyslipidaemia and even bariatric surgery in extreme cases. Treatment of children 
should include parents or care-givers. This will provide the much needed emotional 
and psychological support these children will require to lose weight and change 
their lifestyles. Multi-specialty teams are required for a successful child-health 
programme. Successful programmes to tackle childhood obesity usually involve 
parents, teachers, community members, non-governmental organisations and 
private players. Some of the more successful international programmes are listed 
below:
1. Focus on school health education and changing lifestyle:
a. Project Healthy Schools: This is a project set up by University of Michigan 
in collaboration with middle schools, community organisations and 
donors. It aims to educate and encourage children to eat healthy and lead 
healthy lives. The programme comprises of 10 health education activity 
modules that focus on eating more fruits and vegetables, consuming less 
sweetened drinks and sugary foods, eating slowly and eating less fatty 
food, being more active every day and spending less time in front of the 
screen [106].
2. Promoting better dietary choices:
a. Pick a tick initiative: This was started in 1989 by the Australian National 
Heart Foundation. Healthy food packets could be distinguished from 
others by presence of a symbol along with the nutrition panel. Apart from 
helping people select healthy foods, the programme also championed 
vigorously against excessive salt intake [107].
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b. Ensemble-prévenons-l’obésité-des-enfants (EPODE): This literally 
translates as: ‘Together Let’s Prevent Childhood Obesity’. This was a 
community initiative in which intervention were done in 10 French towns 
in France for children aged 5–12 who were overweight or at risk of weight 
gain. The approach was ‘positive, concrete and stepwise’ learning process 
with no stigmatisation of any culture, food habits, overweight and obesity. 
It targeted sales of healthy foods in schools, advertisements with respect 
to food and drinks on TV, internet and schools, mandatory nutritional 
information on nutrition label, subsidy on healthy foods through agricul-
tural reforms and training for health professionals so that they were able 
to recognise and diagnose obesity risks in infancy, childhood and adoles-
cence [108].
c. Healthy weight, Healthy lives: An initiative in England to tackle 
childhood obesity and hence later reduce obesity in adults. It was 
launched by the government in 2008. The various initiatives in this 
programme were promoting healthy growth and development of 
children,  promoting healthier food choices, encouraging a more active 
lifestyle, incentivising good health and offering personalised help and 
support [109].
3. Promoting a more active lifestyle:
a. US White House Task Force on childhood obesity: This task force gave sup-
port to parents, adherence to limits on screen time and quality child care 
settings with nutritious food and ample opportunity for young children to 
be physically active. It also emphasised labels on food so that parents can 
make healthy food choices, improved school environment and lowered 
price of healthy foods. It improved access to safe parks, playgrounds and 
indoor and outdoor recreational facilities for children.
b. Tri-Policy initiative: This was done in Canada by creating a supportive 
environment to increase physical activity in children, early action to detect 
risk of overweight and obesity and promote availability and accessibility 
of nutritious foods and decrease the marketing of foods and beverages 
high in fat, sugar and/or sodium to children.
4. Government policy initiatives
a. New South Wales initiative in Australia: It focused on restoring the energy 
balance for the population, with a specific focus on children, young 
people, and their families by reducing the factors that give rise to an 
‘obesogenic’ environment. It emphasised coordination between govern-
ments initiatives to tackle obesity along with industry and non-profit 
organisations.
b. Regulations regarding food advertisements: Brazil prohibits advertise-
ments which are intended to influence children or adolescents to consume 
HFSS foods. Ireland has strictly banned using celebrities, icons and 
personalities to promote food products which target children. Norway 
prevents food advertisements on channels for children under 18 and South 
TV permits advertising for specific food categories only before, during 
and after programmes shown between 5 and 7 pm.
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6.1 Actions taken in India to reduce childhood obesity in school children
Food Safety and Standards Authority of India (FSSAI) proposed a ban on sale of 
HFSS foods in school canteens in 2016. It also suggested categorisation of food items 
as ‘green’ or healthy foods constituting 80% of the food items, ‘red’ or common HFSS 
foods that should not be made available in schools; and ‘yellow’ category foods that 
should be eaten sparingly and could be made available in small portions and less 
frequently. In response to this, Maharashtra state government issued a notification 
instructing schools to stop serving HFSS food in their canteens. However, the same 
has not been implemented in other states. The Central Board of Secondary Education 
(CBSE) has also issued an advisory to all its affiliated schools to ensure that no HFSS 
food items are available in school canteens and within 20 m of their premises.
Ministry of Health and Family Welfare launched the School Health Programme 
in 2008 under the National Rural Health Mission (NRHM). The programme also 
aims to address physical and mental health needs of the children through nutri-
tional interventions, yoga and counselling.
Food Safety and Standards Act, 2006 has provisions to prohibit advertisements 
that are misleading. These are monitored by the Advertisement Standards Council 
of India (ASCI). However, the advisories on misleading advertisements are not 
being strictly implemented. Kaushal et al. reported that the prevalence of mislead-
ing advertisements is about 60% [110]. A majority (90%) of these were for HFSS 
foods. The common methods of non-compliance included promotion of a food 
item with free gifts (57%), using celebrity endorsement on the food packaging 
(19%), making false claims (14%) and appealing with cartoons (10%). Apart from 
restrictions on food advertisements, we also need to strengthen nutrition labelling 
laws, and educate both parents and children about interpreting nutrient labelling. 
In India, food packages already have a labelling for vegetarian and non-vegetarian 
products. HFSS could also be labelled using colour codes as suggested above.
Family and parental guidance play an important role in preventing children 
from becoming obese. Family involvement can be pivotal in increasing physical 
activity, healthy eating patterns and decreasing sedentary time. Educating families 
and stakeholders about healthy eating pattern will help in cutting down on junk 
food in home and school, and increase healthy eating, thereby decreasing the risk of 
developing obesity.
Community level programs like CHETNA (Childrens’ Health Education 
Through Nutrition and Health Awareness) and MARG (Medical education for 
children/adolescents for realistic prevention of obesity and diabetes and for 
healthy living) are a beginning. These programmes focus on building nutritional 
awareness and promoting increased physical activity, through pamphlets, lectures 
skits and group activities targeting both parents and children. They now cover 
500,000 children in 15 towns/cities in North India [15]. Since children spend 
a significant amount of their day in schools, activities involving their peers in 
schools are smart ways of getting them interested. The government has recently 
introduced fitness test for all school children and compulsory physical activity 
during school hours. A ‘Fit India’ campaign has been announced by the prime-
minister and a number of sports and film celebrities are part of the campaign. But 
much more needs to be done.
7. Conclusion
Obesity in Indian school children is a cause of concern. To tackle this menace, a 
sustained multi-pronged approach is required, where all stake holders join hands. 
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The strategy starts at the pre-conception time, continues during pregnancy, infancy 
and childhood. Apart from promoting healthy eating and an active lifestyle, it also 
includes active case finding among overweight and obese children and aggressive 
management of diabetes, hypertension and dyslipidaemia apart from weight loss. 
Legislations targeting infant feeds, HFSS, artificially sweetened soft drinks, nutri-
ent labelling and food advertisements are important. Government have to be serious 
about implementing these legislations and they should also formulate imaginative 
programmes to target childhood nutrition and lifestyle.
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a significant amount of their day in schools, activities involving their peers in 
schools are smart ways of getting them interested. The government has recently 
introduced fitness test for all school children and compulsory physical activity 
during school hours. A ‘Fit India’ campaign has been announced by the prime-
minister and a number of sports and film celebrities are part of the campaign. But 
much more needs to be done.
7. Conclusion
Obesity in Indian school children is a cause of concern. To tackle this menace, a 
sustained multi-pronged approach is required, where all stake holders join hands. 
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The strategy starts at the pre-conception time, continues during pregnancy, infancy 
and childhood. Apart from promoting healthy eating and an active lifestyle, it also 
includes active case finding among overweight and obese children and aggressive 
management of diabetes, hypertension and dyslipidaemia apart from weight loss. 
Legislations targeting infant feeds, HFSS, artificially sweetened soft drinks, nutri-
ent labelling and food advertisements are important. Government have to be serious 
about implementing these legislations and they should also formulate imaginative 
programmes to target childhood nutrition and lifestyle.
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Innovations in Vector-Borne 
Disease Control in India
Susanta Kumar Ghosh and Chaitali Ghosh
Abstract
India is the second largest populous and democratic country in the world. 
Several geo-ecological settings are favorable for most of the vector borne diseases 
(VBDs) in the country. Malaria, Lymphatic Filariasis (LF), Japanese Encephalitis 
(JE), Dengue (DEN), Chikungunya (CHIK) and Kala-azar (KA) are major VBDs. 
Kyasanur Forest Disease (KFD), Plague and Chandipura virus (CHPV) infections 
have limited and localized foci, but needs attention. Crimean-Congo Hemorrhagic 
Fever (CCHF) and Zika are recent entries in India that also need to be handled on 
priority. National Vector Borne Disease Control Program (NVBDCP) is respon-
sible for control and prevention of all these diseases. Malaria, LF, JE, DEN, CHIK 
and Zika are transmitted by different species of mosquitoes. KA and CHPV are 
transmitted by shadflies, while KFD, CCHF by ticks; plague by fleas. Scrub typhus 
(ST) responsible for acute encephalopathy syndrome (AES) is transmitted by 
Leptotrombidium mite species. It needs specific and strategic action plan in view 
of the diversified biodiversity. New innovations to strengthen the public health 
responses are the main intervention protocols. Already two diseases Guineaworm 
(Dracunculiasis) transmitted by different species of Cyclops, and polio have been 
successfully eradicated/eliminated from India. Such experience would be very help-
ful for the elimination of malaria, LF and KA, and all are on the elimination drive.
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1. Introduction
India is a republic democratic and second most populous country in the world hav-
ing a population of over 1.30 billion people in Asian continent entirely in the northern 
hemisphere. This is a country of great diversified ethnicities, religions, languages, 
cultures and food habits. One of the oldest civilizations in the world, Indo-Aryans 
(72%) of North India, Dravidians of South India (25%), Mongoloids (3%) and other 
minority populations constitute the ethnic groups. Dravidians are the original inhabit-
ants of the country. The Indus Valley Civilization or the Harappan Civilization with 
a link to the Indo-Aryans migrated to the country at about 1800 BC. With this back-
ground, India has been a model country in many aspects. It is bounded by the Great 
Himalayas in the north, extends southwards covering Tropic of Cancer ultimately 
meets into the Indian Ocean between the Bay of Bengal on the east (east coast) and the 
Arabian Sea on the west (west coast). Both the coasts cover the Peninsular India and 
the Deccan Plateau. The mainland extends between Latitudes 8° 4′ and 37° 6′ North, 
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a link to the Indo-Aryans migrated to the country at about 1800 BC. With this back-
ground, India has been a model country in many aspects. It is bounded by the Great 
Himalayas in the north, extends southwards covering Tropic of Cancer ultimately 
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Longitudes 68° 7′ and 97° 25′ East and measures about 3214 km from North to South 
between the extreme Latitudes and about 2933 km from East to West between the 
extreme Longitudes. It has a land frontier of about 15,200 km. The total length of the 
coastline of the mainland, Lakshadweep Islands and Andaman & Nicobar Islands is 
7516.6 km [1, 2].
There are several vector-borne diseases (VBDs) in India and most of them 
are transmitted by mosquitoes. These are malaria, LF, JE, DEN, CHIK and Zika. 
Sandfly-linked diseases are KA and CHPV, while KFD and CCHF by ticks, and ST 
by mites, while Plague by fleas mostly from rodent hosts. The vectors and the VBD 
control operations and preventions are implemented by the National Vector Borne 
Disease Control Program (NVBDCP) and National Centre for disease Control 
(NCDC) at national level. Many other national institutes under the aegis of Indian 
Council of Medical Research, Department of Biotechnology and Indian Council of 
Agricultural Research additionally support the program by doing research on these 
diseases. The research findings help in implementing the control of all VBDs. The 
respective state health departments implement the program following the guide-
lines provided by the NVBDCP. At present malaria, LF and KA are in the process of 
elimination; malaria by 2030 and the latter two diseases by 2020. A detailed action 
plan and proper implementation protocols are needed for achieving the goals.
2. Search methods
Searched MEDLINE (PubMed); CABS Abstracts; checked the reference lists of 
all studies identified by the search. Also performed Google Search on specific topics. 
Examined references listed in review articles and previously compiled bibliographies.
3. Mosquito-borne diseases
Mosquitoes are small flying insects that constitute the maximum species in the 
taxon of animal kingdom. They are considered as the deadliest animals in the world. 
As per the recent report, there are 3541 recorded number of mosquito species in the 
world distributed in 2 sub-families, 11 Tribes and 11 Genera. In India 404 species 
(11.4%), 50 Genera (44.6%) and 63 Anopheles species (13%) are recorded [3]. 
Several mosquito species are responsible for transmission of human diseases. In this 
chapter details of VBDs in India are discussed.
3.1 Malaria
Among all VBDs in India, malaria contributes the lion’s share. India has contrib-
uted substantially on malaria research and strategies for its control, and is a signa-
tory to the National Framework for Malaria Elimination (NFME) with an aim to 
eliminate this disease by 2030. Detailed information on malaria and its elimination 
process have been described earlier [4, 5]. Some recent information will be shared 
in this communication.
3.2 Lymphatic Filariasis
After malaria, human LF is the second most mosquito-borne disease in India, 
and among the tropical diseases, this disease stands after malaria and tuberculosis. 
LF is caused by the nematode parasites found in the lymphatic system, damage the 
system leading to deformities of body organs especially elephantiasis and hydrocoel, 
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relentless disability causing social stigma. Globally three parasites Wuchereria ban-
crofti, Brugia malayi and Brugia timori are responsible for LF. In India W. bancrofti 
is the most predominant species (98%) while Brugia malayi (2%) is limited to the 
coastal belts in Kerala, Goa and also in Gujarat. Culex quinquefasciatus is the main 
vector of W. bancrofti, while Mansonia annulifera is the main vector species of 
B. malayi transmission [6].
In India, National Filaria Control Program (NFCP) was launched in 1955 with 
an aim to control the disease following vector control, treatment of filarial cases, 
and thus making the endemicity delimited. A district level survey in 2000 revealed 
that of the 289 districts, 257 were endemic for LF [7]. In 2004, elimination of 
LF program was launched in 255 districts of 16 states and 5 union territories. In 
the beginning, diethylcarbamazine (DEC) was introduced under the Mass Drug 
Administration (MDA) program, and in 2006 Albendazole was added with DEC 
with an aim to eliminate LF by 2015. A review in December 2015 showed that of 
the 255 districts 222 had reported microfilaria rate 1%, and in 53 districts MDA was 
withdrawn as halt in transmission was indicated. Transmission Assessment Survey 
(TAS) was qualified for 68 districts. The remaining districts were struggling to 
achieve the goal making the MDA twice in a year.
The World Health Organization (WHO) estimated that LF is found in 80 tropical 
and subtropical countries with 120 million infected cases, and with one billion people 
at risk, 947 million people are threatened, whereas 40 million people are disfigured by 
this infection [8]. Four countries India, Indonesia, Bangladesh (all Asian countries) 
and Nigeria (Africa) contribute about 70% of the LF infection in the world. In 2000, 
WHO launched Global Program to Eliminate Lymphatic Filariasis (GPELF). In 2012, 
the WHO neglected tropical diseases roadmap reconfirmed the target date for achiev-
ing elimination by 2020. India also reemphasized its commitment for GPELF [8].
In the 10th GPELF meeting in New Delhi, India in June 2018, government of India 
launched Accelerated Plan for Lymphatic Filariasis Elimination (APELF). A triple drug 
therapy or IDA (Ivermectin, DEC and Albendazole) along with community engage-
ment and fortified salt with DEC has been planned for accelerating the LF elimination 
in India [9]. IDA has been rolled out successfully across four districts as a pilot project 
in India. These districts are Arwal in Bihar (20 December 2018), Simdega in Jharkhand 
(10 January 2019), Nagpur in Maharashtra (20 January 2019) and Varanasi in Uttar 
Pradesh (20 February 2019). A total of 8.07 million people out of 10.7 million vulner-
able people (75.4%) were benefitted with the IDA medicines. The Government of 
India has decided to scale up IDA approach in all endemic districts on a ‘Mission Mode’ 
approach to eliminate LF by 2021. The APELF provides free morbidity management 
and disability prevention services through kits and corrective surgeries [10].
3.3 Japanese Encephalitis
Japanese Encephalitis (JE) is one of the mosquito-borne diseases in India that has 
remained a troublesome for public health professionals. JE is caused by JE virus (JEV) 
under Flaviviridae family primarily infects the brain. The disease is spread by Culex 
mosquitoes. Pigs especially piglets as multiplying host and egret birds are hosts for 
JEV. This disease was first reported in 1871 and currently prevalent in 24 countries in 
Southeast Asia and Western Pacific regions which is the rice growing area [11]. About 
3 billion people under risk in this region with 68,000 symptomatic cases and 17,000 
deaths every year, often appear in huge outbreaks following high mortality [12].
The first human case in India was reported from North Arcot district of Tamil Nadu 
in 1955. Subsequently it was reported in 1973 from Bankura and Burdwan districts in 
West Bengal. Currently this disease is present all over the country mostly in the Eastern 
states. In India Culex vishnui subgroup mosquitoes Cx. tritaeniorhynchus, Cx. vishnui 
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elimination; malaria by 2030 and the latter two diseases by 2020. A detailed action 
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tory to the National Framework for Malaria Elimination (NFME) with an aim to 
eliminate this disease by 2030. Detailed information on malaria and its elimination 
process have been described earlier [4, 5]. Some recent information will be shared 
in this communication.
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After malaria, human LF is the second most mosquito-borne disease in India, 
and among the tropical diseases, this disease stands after malaria and tuberculosis. 
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coastal belts in Kerala, Goa and also in Gujarat. Culex quinquefasciatus is the main 
vector of W. bancrofti, while Mansonia annulifera is the main vector species of 
B. malayi transmission [6].
In India, National Filaria Control Program (NFCP) was launched in 1955 with 
an aim to control the disease following vector control, treatment of filarial cases, 
and thus making the endemicity delimited. A district level survey in 2000 revealed 
that of the 289 districts, 257 were endemic for LF [7]. In 2004, elimination of 
LF program was launched in 255 districts of 16 states and 5 union territories. In 
the beginning, diethylcarbamazine (DEC) was introduced under the Mass Drug 
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the 255 districts 222 had reported microfilaria rate 1%, and in 53 districts MDA was 
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therapy or IDA (Ivermectin, DEC and Albendazole) along with community engage-
ment and fortified salt with DEC has been planned for accelerating the LF elimination 
in India [9]. IDA has been rolled out successfully across four districts as a pilot project 
in India. These districts are Arwal in Bihar (20 December 2018), Simdega in Jharkhand 
(10 January 2019), Nagpur in Maharashtra (20 January 2019) and Varanasi in Uttar 
Pradesh (20 February 2019). A total of 8.07 million people out of 10.7 million vulner-
able people (75.4%) were benefitted with the IDA medicines. The Government of 
India has decided to scale up IDA approach in all endemic districts on a ‘Mission Mode’ 
approach to eliminate LF by 2021. The APELF provides free morbidity management 
and disability prevention services through kits and corrective surgeries [10].
3.3 Japanese Encephalitis
Japanese Encephalitis (JE) is one of the mosquito-borne diseases in India that has 
remained a troublesome for public health professionals. JE is caused by JE virus (JEV) 
under Flaviviridae family primarily infects the brain. The disease is spread by Culex 
mosquitoes. Pigs especially piglets as multiplying host and egret birds are hosts for 
JEV. This disease was first reported in 1871 and currently prevalent in 24 countries in 
Southeast Asia and Western Pacific regions which is the rice growing area [11]. About 
3 billion people under risk in this region with 68,000 symptomatic cases and 17,000 
deaths every year, often appear in huge outbreaks following high mortality [12].
The first human case in India was reported from North Arcot district of Tamil Nadu 
in 1955. Subsequently it was reported in 1973 from Bankura and Burdwan districts in 
West Bengal. Currently this disease is present all over the country mostly in the Eastern 
states. In India Culex vishnui subgroup mosquitoes Cx. tritaeniorhynchus, Cx. vishnui 
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and Cx. pseudovishnui, have been reported as major vectors of JE. Other species like Cx. 
gelidus, Cx. epidesmus have also been implicated in the transmission [13].
Though vector management is the main strategy for the control of JE, but due to 
many factors this remains to be the secondary option. However, use of long lasting 
insecticide nets (LLINs) both by humans and in pig sties has been very effective 
in Assam [14]. In India, the JEV is genotype III. The main containment is the use 
of SA 14-14-2 Chinese vaccine. But the coverage in endemic areas of Gorakhpur, 
Uttar Pradesh was very low at 42.3% [15]. The vaccine is covered in children under 
15-year age. Now in 20 districts in the states of Assam, West Bengal and Uttar 
Pradesh, vaccination in adults aged between 15 and 65 has been recommended by 
NVBDCP since more number of adult JE cases were reported in these states [12]. 
A new Indian vaccine JENVAC—a single dose inactivated JE Vaccine has been 
developed. This Vero cell derived vaccine is prepared from an Indian strain (Kolar-
821564XY) of the JEV [16].
3.4 Dengue, Chikungunya and Zika
Dengue, Chikungunya and more recently Zika epidemics are spreading through-
out the world at a faster pace especially in the Americas. All these diseases are 
caused by arboviruses. Dengue and Zika are Flavivirus (Family Flaviviridae) while 
Chikungunya is Alphavirus under Togoviridae family. These diseases are primar-
ily transmitted by two species of Aedes mosquitoes, Ae. aegypti and Ae. albopictus. 
Both are invasive and endemic species which can adapt with the local conditions, 
dispersed by their immaculate mechanism of their desiccation-tolerant eggs. 
Moreover, all these viral diseases are carried forward through the process of trans-
ovarian transmission. This means when a mother mosquito infected with virus are 
stored in their gonads (reproductive organs), the viruses are carried forward to 
the next generation. In most situations, these infected eggs when carried with the 
breeding containers especially through tyres establish in a new area [17, 18].
Currently about 4 billion cases of dengue in more than 128 countries are 
reported. About 390 estimated cases of dengue are recorded globally. There are 4 
serotypes present in dengue virus and a fifth serotype of DENV was detected from 
Malaysia [19]. In India, epidemics of dengue have been reported from 1990, and all 
the 4 serotypes are present. In 1780, first epidemiology of dengue was described in 
Madras (now Chennai), and first outbreak was reported in Calcutta (now Kolkata) 
in 1963 [20]. Now this disease is reported almost all over India. There is no effective 
treatment for dengue. Recently one vaccine for dengue has been developed, but it is 
effective only on seropositive cases. In 2019, Sri Lanka, Philippines and Bangladesh 
have declared emergency situations in these countries [21–23]. So the situation is 
very grave and needs immediate solutions.
Chikungunya additionally is causing public health problem in the country. This 
disease was first reported in Tanzania in 1952-53. From this location it has spread 
in most of tropical Africa and Asia. In India, a huge outbreak was reemerged in 
2006 after its first report in 1973 [24]. Currently this disease is reported almost in 
every state along with dengue. There is no specific treatment for this disease since 
it is self-limiting. It is assumed that this disease does not cause mortality in India, 
but certain report may say otherwise. In Ahmadabad city, there were excess deaths 
during Chikungunya outbreak in 2006 [18].
Zika is a new disease that rocked the Latin American countries mainly in Brazil 
in 2015. As of July 2019, a total of 87 countries and territories have had evidence 
of autochthonous mosquito-borne transmission of Zika virus (ZIKV), distributed 
across four of the six WHO Regions (African Region, Region of the Americas, 
South-East Asia Region, and Western Pacific Region) [25]. As such this disease 
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does not cause much clinical emergencies. In certain cases, neurological complica-
tions in adults and children with Guillain-Barré syndrome are associated with 
ZIKV. Its effect on fetuses in pregnant women is a matter of serious concern. The 
babies are born with microcephaly, preterm birth and miscarriage. In other word 
babies are born with small heads leading to several abnormalities. Several reports 
also indicated sexual route of transmission from asymptomatic carriers [26].
In India first report of Zika was reported in September 2018 from a 78 year-old 
women in Jaipur, Rajasthan. Immediately a rapid response team was formed and 
detailed investigations were made by the government of India. Massive surveillance 
all over India was initiated including in all international airports and ports as a 
part International Health Regulations. Special care was taken on pregnant women 
especially in the suspected areas. In 2018, 157 Zika cases have been detected, that 
included 63 pregnant women. All cases were confirmed by RT-PCR method. No 
cases of microcephaly or congenital Zika syndrome were reported. The govern-
ment of India has established 34 laboratories for Zika surveillance and diagnosis to 
strengthen the especially established ‘National Zika Action Plan’ [27].
Recent news of ‘First sexually transmitted dengue case confirmed in Spain’ is a 
much disturbing matter and deep concern. This indicates that viral infections may 
affect gonad cells [28].
3.5 Sandfly transmitted diseases
3.5.1 Kala-azar
Kala-azar (KA) is considered the most devastating neglected tropical dis-
ease caused by the protozoan parasite Leishmania. There are over 20 species of 
Leishmania that is transmitted by over 90 species of Sandflies (Phlebotomus spp.). 
Generally, three forms of this disease are reported namely visceral leishmaniasis 
(VL), cutaneous leishmaniasis (CL) and mucocutaneous leishmaniasis (ML). This 
infection is mostly prevalent in the poorest people linked to malnutrition, poor 
living conditions and resources. Annually estimated new cases between 0.7 and 1 
million and some 26,000–65,000 related deaths are reported in the world [29].
VL is commonly known as Kala-azar. The clinical cases may turn fatal if not 
treated in time. An estimated 50,000–90,000 new cases are reported annually, 
and most cases occur in Bangladesh, Brazil, China, Ethiopia, India, Kenya, Nepal, 
Somalia, South Sudan and Sudan. Post-Kala-azar dermal leishmaniasis (PKDL) is a 
complicated form of VL. It is also known as Post-Kala-azar dermatosis characterized 
by muscular, maculopapular and nodular rash on face, arm and upper part of the 
trunk. This is mostly found on patients recovered for VL [29].
The most common form of the disease is CL. It causes skin lesions leaving scar 
marks and stigma. It is estimated that 0.6–1 million new cases are reported from 
Afghanistan, Algeria, Brazil, Colombia, Islamic Republic of Iran, Iraq and the 
Syrian Arab Republic [29].
ML is responsible for a partial or total destruction of mucous membranes of the 
nose, mouth and throat. Over 90% of ML cases occur in Bolivia, Brazil, Ethiopia 
and Peru [29].
India is endemic for both VL and CL cases. PKDL cases are on the increasing 
trend. CL caused by Leishmania major and L. tropica mostly present in north-
western states in India mainly in Rajasthan and Punjab. The worst area is Bikaner 
district of Rajasthan [30].
VL primarily caused by L. donovani was endemic in India especially in the 
eastern Uttar Pradesh, undivided Bihar and West Bengal. In fact, undivided 
Bengal is considered the oldest KA endemic area in the world. Drastic reduction 
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dispersed by their immaculate mechanism of their desiccation-tolerant eggs. 
Moreover, all these viral diseases are carried forward through the process of trans-
ovarian transmission. This means when a mother mosquito infected with virus are 
stored in their gonads (reproductive organs), the viruses are carried forward to 
the next generation. In most situations, these infected eggs when carried with the 
breeding containers especially through tyres establish in a new area [17, 18].
Currently about 4 billion cases of dengue in more than 128 countries are 
reported. About 390 estimated cases of dengue are recorded globally. There are 4 
serotypes present in dengue virus and a fifth serotype of DENV was detected from 
Malaysia [19]. In India, epidemics of dengue have been reported from 1990, and all 
the 4 serotypes are present. In 1780, first epidemiology of dengue was described in 
Madras (now Chennai), and first outbreak was reported in Calcutta (now Kolkata) 
in 1963 [20]. Now this disease is reported almost all over India. There is no effective 
treatment for dengue. Recently one vaccine for dengue has been developed, but it is 
effective only on seropositive cases. In 2019, Sri Lanka, Philippines and Bangladesh 
have declared emergency situations in these countries [21–23]. So the situation is 
very grave and needs immediate solutions.
Chikungunya additionally is causing public health problem in the country. This 
disease was first reported in Tanzania in 1952-53. From this location it has spread 
in most of tropical Africa and Asia. In India, a huge outbreak was reemerged in 
2006 after its first report in 1973 [24]. Currently this disease is reported almost in 
every state along with dengue. There is no specific treatment for this disease since 
it is self-limiting. It is assumed that this disease does not cause mortality in India, 
but certain report may say otherwise. In Ahmadabad city, there were excess deaths 
during Chikungunya outbreak in 2006 [18].
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South-East Asia Region, and Western Pacific Region) [25]. As such this disease 
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does not cause much clinical emergencies. In certain cases, neurological complica-
tions in adults and children with Guillain-Barré syndrome are associated with 
ZIKV. Its effect on fetuses in pregnant women is a matter of serious concern. The 
babies are born with microcephaly, preterm birth and miscarriage. In other word 
babies are born with small heads leading to several abnormalities. Several reports 
also indicated sexual route of transmission from asymptomatic carriers [26].
In India first report of Zika was reported in September 2018 from a 78 year-old 
women in Jaipur, Rajasthan. Immediately a rapid response team was formed and 
detailed investigations were made by the government of India. Massive surveillance 
all over India was initiated including in all international airports and ports as a 
part International Health Regulations. Special care was taken on pregnant women 
especially in the suspected areas. In 2018, 157 Zika cases have been detected, that 
included 63 pregnant women. All cases were confirmed by RT-PCR method. No 
cases of microcephaly or congenital Zika syndrome were reported. The govern-
ment of India has established 34 laboratories for Zika surveillance and diagnosis to 
strengthen the especially established ‘National Zika Action Plan’ [27].
Recent news of ‘First sexually transmitted dengue case confirmed in Spain’ is a 
much disturbing matter and deep concern. This indicates that viral infections may 
affect gonad cells [28].
3.5 Sandfly transmitted diseases
3.5.1 Kala-azar
Kala-azar (KA) is considered the most devastating neglected tropical dis-
ease caused by the protozoan parasite Leishmania. There are over 20 species of 
Leishmania that is transmitted by over 90 species of Sandflies (Phlebotomus spp.). 
Generally, three forms of this disease are reported namely visceral leishmaniasis 
(VL), cutaneous leishmaniasis (CL) and mucocutaneous leishmaniasis (ML). This 
infection is mostly prevalent in the poorest people linked to malnutrition, poor 
living conditions and resources. Annually estimated new cases between 0.7 and 1 
million and some 26,000–65,000 related deaths are reported in the world [29].
VL is commonly known as Kala-azar. The clinical cases may turn fatal if not 
treated in time. An estimated 50,000–90,000 new cases are reported annually, 
and most cases occur in Bangladesh, Brazil, China, Ethiopia, India, Kenya, Nepal, 
Somalia, South Sudan and Sudan. Post-Kala-azar dermal leishmaniasis (PKDL) is a 
complicated form of VL. It is also known as Post-Kala-azar dermatosis characterized 
by muscular, maculopapular and nodular rash on face, arm and upper part of the 
trunk. This is mostly found on patients recovered for VL [29].
The most common form of the disease is CL. It causes skin lesions leaving scar 
marks and stigma. It is estimated that 0.6–1 million new cases are reported from 
Afghanistan, Algeria, Brazil, Colombia, Islamic Republic of Iran, Iraq and the 
Syrian Arab Republic [29].
ML is responsible for a partial or total destruction of mucous membranes of the 
nose, mouth and throat. Over 90% of ML cases occur in Bolivia, Brazil, Ethiopia 
and Peru [29].
India is endemic for both VL and CL cases. PKDL cases are on the increasing 
trend. CL caused by Leishmania major and L. tropica mostly present in north-
western states in India mainly in Rajasthan and Punjab. The worst area is Bikaner 
district of Rajasthan [30].
VL primarily caused by L. donovani was endemic in India especially in the 
eastern Uttar Pradesh, undivided Bihar and West Bengal. In fact, undivided 
Bengal is considered the oldest KA endemic area in the world. Drastic reduction 
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of cases was reported due to application of DDT during malaria eradication 
program in the 1960s. In India, government of India initiated KA elimination 
program in endemic states in 1990–91. Approximately 130 million people in 611 
blocks are at risk. Currently drastic reduction of cases is recorded in the elimina-
tion phase. Many joint initiatives have been undertaken with potential partners 
like Bill and Melinda Gates Foundation, KalaCore Consortium and government 
like institutions ICMR-Rajendra Memorial Research Institute (RMRI) and 
National Center for Disease Control (NCDC) and WHO to eliminate this disease 
by 2017. However, this is aimed at 2020 to eliminate this disease. The office of the 
Prime Minister (PMO) and the health department are monitoring the progress of 
the work [30].
For elimination of KA a national roadmap has been created and shared to all 
the states for implementation at village-level. Continuous supply of Liposomal 
Amphotericin B (AmBisome) injection has been ensured since single day single 
dose has improved treatment compliance. Regular supply of rapid diagnostic test 
kit is also ensured. Government of India will compensate INR 500 for KA and INR 
2000 for PKDL cases as loss of wages. Besides this, INR 300 to the Accredited Social 
Health Activist (ASHA) or health staff for KA patient surveillance and treatment. 
Additionally, ASHAs are INR 200 for the indoor residual spray and also community 
engagement and mobilization [30].
Miltefosine (MF) (hexadecylphosphocholine), a lysophospholipid analog, was 
mainly developed as an anticancer drug and in 2011, WHO added MF as essential 
medicine. MF has been used for VL, but due to possible resistance this drug has 
been kept under hold. However, this is prescribed in PKDL cases [31].
3.5.2 Chandipura virus
Chandipura virus (CHPV) belongs to the genus Vesiculovirus, family 
Rhabdoviridae. This infection was discovered during an acute febrile outbreak in 
Nagpur, Maharashtra state, India from two febrile cases in 1965. The available infor-
mation suggests that sandflies are the vectors for this virus while antibodies against 
this have been detected in a wide range of vertebrate animals. In recent years, CHPV 
has emerged as encephalitic pathogen. Many outbreaks especially in children have 
been documented from different areas of India; in 2004, 2005, 2007 and 2008 from 
Andhra Pradesh, in 2005, 2009 to 2012 from Gujarat and in Vidarbha region of 
Maharashtra during 2007 and 2009–12 [32].
During the outbreaks in Maharashtra CHPV has been isolated from pools of 
Sandflies. However, CHPV has also been isolated from human samples during 1971–
72 in Nigeria, and hedgehogs (Atelerix spiculus) during entomological surveillance 
in Senegal, Africa during 1990–1996. Recently this virus was also detected from 
Bhutan and Nepal, and from wild toque macaques (Macaca sinica) at Polonnaruwa, 
Sri Lanka during 1993. This suggests its circulation in many tropical countries. All 
these factors indicate that Sandflies are the vector of CHPV [32].
In 2019, a 5-year old girl reported died due to CHPV infection in Gujarat. This is 
an indication that this virus is still remains to be a cause of concern [33].
3.6 Mite-transmitted diseases
3.6.1 Scrub typhus
Scrub typhus (ST)—a rickettsial infection is caused by the gram-negative obli-
gate intracellular coccobacillus pathogen Orientia tsutsugamushi. Its transmission 
to humans is by the bite of larval stage (chigger) of Leptotrombidium mites under 
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Trombiculidae family. This disease is endemic in Southeast Asia and Southwest 
Pacific regions generally known as tsutsugamushi triangle [34].
In India, first cases of ST were reported from Himachal Pradesh and were 
prevalent between 1960s and 1970s in many states and union territories. However, 
subsequently this disease disappeared possibly due to the use of insecticides for 
vector control and also the wide use of antibiotics to febrile cases with Tetracyclines 
and Chloramphenicol. ST is responsible for one of the causes of acute encephalopa-
thy syndrome (AES) especially in children. WHO recognizes this disease is most 
underdiagnosed and under-reporting febrile illness demanding hospitalization. 
Post-monsoon is the most favorable period of ST as most of the cases are reported 
during this time. It is reported that the ongoing AES outbreaks in Gorakhpur areas 
in Uttar Pradesh were due to ST along with JE [35]. This made the public health 
officials to shift the treatment schedule. Doxycycline is recommended, thus saved 
many children. Similar observations were also recorded in Odisha and Assam states. 
This recent experience necessitated to undergo routine diagnostic tests for ST where 
AES is the most prevalent. Thus this disease can be contained and lives of many 
children can be saved [35]. Recently ICMR-DHR has drawn a generalized guideline 
for scientific management of ST [36].
3.7 Tick borne diseases
3.7.1 Kyasanur Forest Disease
Kyasanur Forest Disease (KFD) or generally called monkey fever by the local peo-
ple is a forest tick-borne virus serocomplex of the genus Flavivirus, family Flaviviridae. 
The disease causes fever, hemorrhage, and encephalitis and has a 3–10% case-fatality 
ratio. It is not contagious transmits to man through bite of hard ticks primarily 
Haemaphysalis spinigera and many other Ixodid spp. The nymphs are active feeding 
form of the immature stage of the tick. This species is mostly prevalent in forest and 
feed on a number of small mammals, rodents, shrews, insectivorous bats, squirrels, 
rats and even many birds maintain the natural enzootic cycle of the virus in the forest 
ecosystem. Two non-human primates, black-faced langurs (Semnopithecus entellus) 
and red-faced bonnet macaques monkeys (Macaca radiata) get the virus infection by 
tick bite and are susceptible to the infection. Man is the dead end host. Cattle are the 
main hosts play an important role in maintaining the tick population [37].
KFD virus (KFDV) was first detected in a moribund black-faced langurs 
(Semnopithecus entellus) in Kyasanur forest near Baragi village in Sagar taluk of 
Shivamogga distirct, Karnataka state (erstwhile Mysore state) in 1957. In the 
beginning KFDV was restricted to three taluks i.e. Sagar, Shikaripur and Sorab 
of Shivamogga district. Subsequently it spreaded to other areas of Karnataka 
namely Udipi, Uttara Kannada, Mangaluru, Dakshina Kannada, Chikmagalur and 
Chamarajanagar district, Bandipur Tiger Reserve Forest, Karnataka. Outbreaks 
were reported in Thirthahalli taluk, Shivamogga district in 2014 and Belagavi 
district in 2016 Karnataka state. In 2015, outbreaks also occurred in four villages 
Northeast Goa. During serological studies, presence of KFDV were found in other 
areas of India such as parts of the Saurashtra region in Gujarat State, forested 
regions west of Kolkata, West Bengal State, and the Andaman Islands [38].
The increase in number of new foci and cases indicates that ecobiological 
changes due to deforestation and use of new land for farming and cattle grazing 
could lead to spread of KFD virus to newer geographical areas [38].
KFDV has been found only in monkeys, humans, and Haemaphysalis spinigera 
ticks in the KFD-epidemic region of south India. This virus was initially suspected 
as a Russian spring-summer (RSS) complex of viruses. But KFDV is only reported 
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During the outbreaks in Maharashtra CHPV has been isolated from pools of 
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Scrub typhus (ST)—a rickettsial infection is caused by the gram-negative obli-
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subsequently this disease disappeared possibly due to the use of insecticides for 
vector control and also the wide use of antibiotics to febrile cases with Tetracyclines 
and Chloramphenicol. ST is responsible for one of the causes of acute encephalopa-
thy syndrome (AES) especially in children. WHO recognizes this disease is most 
underdiagnosed and under-reporting febrile illness demanding hospitalization. 
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during this time. It is reported that the ongoing AES outbreaks in Gorakhpur areas 
in Uttar Pradesh were due to ST along with JE [35]. This made the public health 
officials to shift the treatment schedule. Doxycycline is recommended, thus saved 
many children. Similar observations were also recorded in Odisha and Assam states. 
This recent experience necessitated to undergo routine diagnostic tests for ST where 
AES is the most prevalent. Thus this disease can be contained and lives of many 
children can be saved [35]. Recently ICMR-DHR has drawn a generalized guideline 
for scientific management of ST [36].
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3.7.1 Kyasanur Forest Disease
Kyasanur Forest Disease (KFD) or generally called monkey fever by the local peo-
ple is a forest tick-borne virus serocomplex of the genus Flavivirus, family Flaviviridae. 
The disease causes fever, hemorrhage, and encephalitis and has a 3–10% case-fatality 
ratio. It is not contagious transmits to man through bite of hard ticks primarily 
Haemaphysalis spinigera and many other Ixodid spp. The nymphs are active feeding 
form of the immature stage of the tick. This species is mostly prevalent in forest and 
feed on a number of small mammals, rodents, shrews, insectivorous bats, squirrels, 
rats and even many birds maintain the natural enzootic cycle of the virus in the forest 
ecosystem. Two non-human primates, black-faced langurs (Semnopithecus entellus) 
and red-faced bonnet macaques monkeys (Macaca radiata) get the virus infection by 
tick bite and are susceptible to the infection. Man is the dead end host. Cattle are the 
main hosts play an important role in maintaining the tick population [37].
KFD virus (KFDV) was first detected in a moribund black-faced langurs 
(Semnopithecus entellus) in Kyasanur forest near Baragi village in Sagar taluk of 
Shivamogga distirct, Karnataka state (erstwhile Mysore state) in 1957. In the 
beginning KFDV was restricted to three taluks i.e. Sagar, Shikaripur and Sorab 
of Shivamogga district. Subsequently it spreaded to other areas of Karnataka 
namely Udipi, Uttara Kannada, Mangaluru, Dakshina Kannada, Chikmagalur and 
Chamarajanagar district, Bandipur Tiger Reserve Forest, Karnataka. Outbreaks 
were reported in Thirthahalli taluk, Shivamogga district in 2014 and Belagavi 
district in 2016 Karnataka state. In 2015, outbreaks also occurred in four villages 
Northeast Goa. During serological studies, presence of KFDV were found in other 
areas of India such as parts of the Saurashtra region in Gujarat State, forested 
regions west of Kolkata, West Bengal State, and the Andaman Islands [38].
The increase in number of new foci and cases indicates that ecobiological 
changes due to deforestation and use of new land for farming and cattle grazing 
could lead to spread of KFD virus to newer geographical areas [38].
KFDV has been found only in monkeys, humans, and Haemaphysalis spinigera 
ticks in the KFD-epidemic region of south India. This virus was initially suspected 
as a Russian spring-summer (RSS) complex of viruses. But KFDV is only reported 
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from India. The other closely related to KFDV are Omsk hemorrhagic fever virus in 
Siberia, Alkhurma virus in Saudi Arabia and Nanjianyin virus in China [38].
3.7.2 Crimean-Congo hemorrhagic fever
Crimean-Congo haemorrhagic fever (CCHF) is a zoonotic viral hemorrhagic 
infection and the virus (CCHFV) belongs to the genus Nairovirus under the 
family Bunyaviridae. CCHF was recognized for the first time in 1944, in the West 
Crimean region of the former Soviet Union, during a large outbreak, and the virus 
was subsequently isolated in 1956 from a human case. The average case-fatality 
rate is 30–50%; this varies between 5 and 80% in various outbreaks. The disease is 
endemic in Asia, Africa, East Europe, and the Middle East countries, that include 
Iran, southern Russia, the Balkans, Turkey, Pakistan, China, Iraq, the United 
Arabic Emirates, Oman, Kuwait, and Saudi Arabia. Considered as an occupational 
disease, CCHFV is transmitted by the bite of infected ticks or through direct 
contact with the infected blood and tissues of animals as well as nosocomial 
infections. Hyalomma marginatum and Ixodid spp. of ticks are the main vectors of 
CCHFV [38, 39].
The existence of CCHF in India was first confirmed in 2011 in Gujarat state 
from a nosocomial source. This case started with an index case having a history 
of tick bites with a close contact with animals. Another nosocomial infection was 
recorded in June 2012 from Ahmadabad city ended with two fatalities. In 2013, a 
non-nosocomial CCHF outbreak in Amreli district, as well as positive Hyalomma 
tick, animal and human samples in various areas of Gujarat state, suggested that the 
virus is widespread in Gujarat state, India [40]. In September 2019, a high alert was 
sounded after two suspected siblings of CCHF surfaced in Jodhpur, Rajasthan state. 
On enquiry, it was found that their father was undergoing treatment for CCHFV in 
a hospital in Ahmadabad. All recovered from the infection [41].
The disease also transmitted man to man via nosocomial source. Once a man gets 
infected, the disease is transferred to other close family members who accompanied 
the infected individual to the hospital, lived in the same house, and attended the 
funeral of a person who had died due to CCHFV, or came in contact with infected 
body fluids. The normal route is through a bite from an infected tick. CCHFV 
circulates in nature in the enzootic route of ‘tick-vertebrate-tick’ cycle [38].
3.8 Flea-transmitted diseases
3.8.1 Plague
Plague is one of oldest vector-borne diseases known to mankind. It is a zoonotic 
disease that means an animal disease that can spread to humans—caused by a 
Gram-negative bacteria Yersinia pestis. It is transmitted to humans through the bite 
of infected fleas that live among rodents such as rats, squirrels, chipmunks, wood 
rats, prairie dogs, and rabbits. Usually epidemics of human plague are followed 
by rodent epizootics or rat fall in domestic and peri-domestic settings. There are 
three forms of the infection; (i) bubonic plague primarily affects the lymph nodes; 
(ii) septicemic plague affects the bloodstream and can be contracted by handling 
infected animals; (iii) pneumonic plague affects the lungs and can spread from 
person to person, though rarely, through contaminated air droplets [42].
Plague was mentioned in Bhagvata Purana (155–600 BC), as a disease. This dis-
ease also known as ‘Black Death’ in the fourteenth century panendemic was respon-
sible for a major public health problem throughout India till the mid twentieth 
century AD. The epidemic was started in the year 1895–1896, and reached its peak 
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in 1907. During the two decades between 1898 and 1928 there were over 12 million 
deaths in undivided India. The mortality rate due to plague was calculated to be 1.8 
per 100,000 populations between 1949 and 1958. Since then mortality had declined 
and reached zero level during 1967. The reason for drastic decline was attributed to 
the use of DDT mainly introduced during National Malaria Eradication Program, 
and also use of streptomycin and sulfanomide. In the subsequent years between 
1959 and 1966 there was a resurgence of plague in the South Indian sates of Tamil 
Nadu, Andhra Pradesh, and Karnataka. This may be due to discontinuation of 
DDT in the national program. Following this, in 1994, a bubonic plague outbreak 
at Mamla village, Beed district, Maharashtra and a pneumonic plague outbreak in 
Surat, Gujarat were recorded. This costs heavy revenue due travels restrictions at 
national and international levels. In 2002, a localized outbreak of pneumonic plague 
occurred in Hatkoti, Shimla district, Himachal Pradesh, and a bubonic plague 
outbreak occurred in Dangud village, Uttarkashi district, Uttarakhand in 2004 [42].
Xenopsylla cheopis—the flea species the main vector of plague is believed to be 
originated from the valley of Nile. It is distributed throughout the world. Xe. astiais 
restricted in its distribution to the oriental region and in India it is widely distrib-
uted in peri-domestic and wild situations. Xe. brasiliensis, originally distributed 
from Africa was a very common species in domestic and peri-domestic settings in 
Peninsular India. However, currently this species is not abundant in India. In India, 
of the 128 species of rodents belonging to 46 genera 8 are considered to be the 
zoonotic reservoirs of various diseases. Domestic rats especially Rattus rattus and 
peri-domestic Rattus norvegicus are the most common hosts of these vector fleas. 
The sylvatic cycle of plague is maintained among the wild rodent hosts. It has been 
observed that most rodent species propagate their populations during the bamboo 
flowering seasons that occur once in every 10–12 years. Hence, proper prior preven-
tive arrangements must be undertaken to prevent rodent-linked diseases and also 
huge damage to crops [42].
4. Discussion
India is a vast country with several geo-ecological diversities on ethnicities, 
languages, socio-cultural, and political settings. Most of the vector borne diseases 
in India or elsewhere are governed by the local environmental factors. In the present 
situation, climate change is a big threat to the entire world. There are unprec-
edented uncertainties in disease prediction resulting some unrelated outbreaks do 
occur in the present situation. To encounter this situation, a robust public health 
response mechanism must be in place in every state. On this direction, Integrated 
Disease Surveillance Program (IDSP) is in place to take immediate action to contain 
any outbreaks including VBDs.
In the present situation, malaria, LF and KA are under the process of elimina-
tion. Already two timelines of elimination for LF and KA have been extended, and 
now aiming to eliminate the two diseases by 2020. As per the present information, 
it may not be possible to achieve this goal by 2020. However, several efforts such as 
inclusion of ivermectin for ELF and strengthening of case detection and enhance-
ment of incentives for each CL and PKDL for KA are highly encouraging. In case 
of malaria elimination, several initiatives have been taken. One such is Malaria 
Elimination Research Alliance—India (MERA—India). This will address the imme-
diate research needs that will support the national program. Today the major issues 
are how to tackle the outdoor transmission, role of asymptomatic in malaria trans-
mission especially in the high burden tribal areas where the real malaria problem 
exists. A robust smart surveillance system with application of artificial intelligence 
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uted in peri-domestic and wild situations. Xe. brasiliensis, originally distributed 
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In the present situation, malaria, LF and KA are under the process of elimina-
tion. Already two timelines of elimination for LF and KA have been extended, and 
now aiming to eliminate the two diseases by 2020. As per the present information, 
it may not be possible to achieve this goal by 2020. However, several efforts such as 
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ment of incentives for each CL and PKDL for KA are highly encouraging. In case 
of malaria elimination, several initiatives have been taken. One such is Malaria 
Elimination Research Alliance—India (MERA—India). This will address the imme-
diate research needs that will support the national program. Today the major issues 
are how to tackle the outdoor transmission, role of asymptomatic in malaria trans-
mission especially in the high burden tribal areas where the real malaria problem 
exists. A robust smart surveillance system with application of artificial intelligence 
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and mechanical learning must be introduced for better program implementation 
with correct prediction. Studies on vector behavior and responses of existing drugs 
to the malarial parasites and insecticides to the local vectors especially Anopheles 
culicifacies in most rural areas; An. fluviatilis and An. minimus in hilly terrain areas; 
An. dirus in forest areas especially in Northeast India. Resistance of synthetic 
pyrethroids (SPs) to most vector species is a matter of concern, because these are 
used in LLINs and no other molecules are available to replace them. In this direc-
tion recent study on use of atovaquone adding on glass substrate led to the killing 
of P. falciparum parasites in blood-fed Anopheles mosquitoes. This can be applied 
on LLINs along with SPs for better results. Other sporontocidal antimalarial drug 
Tefenoquine can also be used [43]. A special action may be taken for An. stephensi—
the main urban malaria vector. This invasive species is rapidly making its footprints 
with the fast urbanization process. Already reports indicate that it has invaded Sri 
Lanka and some African countries [44, 45]. This is indicative of strong implementa-
tion of International Health Regulation act.
NVBDCP is the nodal agency for all vector borne diseases in India. Dengue, 
Chikungunya and more recently Zika are all transmitted by the two species of Aedes 
mosquitoes namely Ae. aegypti and Ae. albopictus. These two species are also highly 
invasive and endemic—the former is more associated with domestic and peri-
domestic environments; while the later in the forest-fringed areas. Efforts to control 
the vector population using the genetic engineering tools are encouraging, but 
needs correct and specific genetic analysis of the target species as the recent report 
in Brazil deems strategic introspection [46].
Cattle including pigs play an important role in maintaining the enzootic cycle 
of most of VBDs. In recent years, diseases transmitted by ticks and mites are on the 
rise. This may be attributed to more man and animal contacts. Due to population 
pressure man is encroaching new areas especially in the forest ecosystem. It has 
been observed that cattle are the main host for ticks and mites to maintain their 
population. It is, thus, important to grow cattle population under controlled condi-
tions with the help of local veterinary department. Open grazing of such cattle in 
the affected areas must be prevented so as to boost the enzootic transmission of 
KFD, CCHF and ST types of diseases. ST was diagnosed as the main AES problem in 
Gorakhpur, UP especially in the children. Treatment with doxycline contained the 
outbreak of AES besides other additional containment measures [34].
Similarly, sandflies also depend on cattle for maintenance of their own popula-
tion in the endemic areas of KA and CHPV. Pigs also grown in most wet areas 
since these are easy source of income generation especially in the poorer section 
of the society. This is not an organized sector. Steps must be taken so as to make 
proper sty and protected with LLINs by which pig-mosquito contact can be 
minimized [14]. Recently genetically engineered high protein-rich pink pigs have 
been produced that can convert into pin-revolution. In this way JE transmission 
can be prevented [47].
Cow dung is a good source of organic manure traditionally practiced in India 
for ages. It has been observed that cows are reared for milk and manure purpose 
almost in each village household of rural India. But in most of tribal areas a very 
few household rears cattle making a very low human and cattle ratio. This may be 
one of the potential factors resulting high human blood index in the main vector 
An. fluviatilis [48]. So promotion of cattle in all the tribal areas must be on prior-
ity. On the other hand, community-level cow dung-based biogas plant must be 
encouraged in each village. In this way, good quality manure and self-sustained 
biogas can make the rural community self-reliant. Moreover huge carbon emission 
from the cattle produce can be prevented and thus carbon-related green-house 
effects can be curtailed.
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Irrigation system is intimately associated with VBDs. Most mosquito-borne 
diseases can be controlled if integrated irrigation can regulate the water supply 
preventing mosquito breeding and also water conservation. Application of blue 
green algae in rice field can significantly reduce the mosquito population especially 
Culex species responsible for JE [49].
India is now heading for many good initiatives aiming for better livelihood under 
which Swachh Bharat Abhiyan (Clean India Movement), providing housing to poor 
people, free from Open Defecation (OD) are gaining some results. Providing toilets 
to each village under OD program has two benefits. First, avoiding soil contamina-
tion for which anti-micobial resistance can be managed. Second, outdoor malaria 
transmission can be prevented especially among women community who generally 
go for OD in groups in the evening hours when malaria vectors take advantage of 
such situations. Thus, use of LLINs becomes less effective in such village settings. 
But construction of water storing tank in each toilet must be mosquito proofed, 
otherwise Aedes-related diseases may be introduced in new areas [4].
It has been observed that in most urban cities there are defects in architectural 
design for building constructions where making a box on each parapet attracts 
water collection when the outlet pipe is blocked. This becomes potential breeding 
ground for Aedes and An. stephensi mosquitoes. This design must be abandoned 
to avoid creating unnecessary artificial breeding grounds for potential vector 
 mosquitoes [50].
In most water starving areas where local people store water in open cemented or 
plastic tanks support Aedes breeding. Such tanks must be replaced with mosquito-
proof water storing tanks to avoid mosquito breeding [51].
India has a strong primary health care system. The primary health management 
begins from the Sub-center (SC) where local people report for any disease. This 
needs to be empowered for better health seeking behavior. Recently a health reform 
program Ayushman Bharat (long life for India) has been introduced in India. It has 
two arms; coverage of health insurance for poorest 500 million people up to $ 7000 
(INR 500,000) of care per year, regardless of preexisting conditions, and reinvest-
ment in primary care. These SCs have been converted into ‘Health and Wellness 
Centers’ to deliver comprehensive primary health care [52].
In 2018, the Uttar Pradesh (UP) government initiated a unique DASTAK cam-
paign in association with UNICEF (United Nations Children’s Fund) to control 
JE and other AES causing VBDs. The entire state machinery visited door-to-door 
campaign in 38 districts affected by JE and AES. It has been planned in every village 
of state’s 75 districts to create awareness about communicable diseases. In this 
large-scale campaign, many state departments such as health, primary education, 
rural development will work together to spread awareness about diseases through 
mass media communication. The campaign will ensure availability of clean drink-
ing water, promote sanitation drive, ensure vaccination and prompt treatment of 
diseases. Such program must be launched in every state because most VBDs are 
present throughout the country [53].
India is a democratic country where local working administration is governed by 
the elected members generally called Panchayat Raj Institution. It is the duty of the 
local health department to empower these members to take correct decisions and 
implementation of all health-related programs. However, social movement needs to 
strengthen the community engagement for achieving better health goals.
Already India has the required experience for eradication/elimination of Guinea 
worm and polio. This experience will help in better implementation of the VBDs under 
elimination process. However, the recent report by WHO has warned that malaria 
elimination is not possible in near future. This means malaria elimination is not pos-
sible by 2030. But India must take proper steps to eliminate malaria by 2030 [54].
Public Health in Developing Countries - Challenges and Opportunities
254
and mechanical learning must be introduced for better program implementation 
with correct prediction. Studies on vector behavior and responses of existing drugs 
to the malarial parasites and insecticides to the local vectors especially Anopheles 
culicifacies in most rural areas; An. fluviatilis and An. minimus in hilly terrain areas; 
An. dirus in forest areas especially in Northeast India. Resistance of synthetic 
pyrethroids (SPs) to most vector species is a matter of concern, because these are 
used in LLINs and no other molecules are available to replace them. In this direc-
tion recent study on use of atovaquone adding on glass substrate led to the killing 
of P. falciparum parasites in blood-fed Anopheles mosquitoes. This can be applied 
on LLINs along with SPs for better results. Other sporontocidal antimalarial drug 
Tefenoquine can also be used [43]. A special action may be taken for An. stephensi—
the main urban malaria vector. This invasive species is rapidly making its footprints 
with the fast urbanization process. Already reports indicate that it has invaded Sri 
Lanka and some African countries [44, 45]. This is indicative of strong implementa-
tion of International Health Regulation act.
NVBDCP is the nodal agency for all vector borne diseases in India. Dengue, 
Chikungunya and more recently Zika are all transmitted by the two species of Aedes 
mosquitoes namely Ae. aegypti and Ae. albopictus. These two species are also highly 
invasive and endemic—the former is more associated with domestic and peri-
domestic environments; while the later in the forest-fringed areas. Efforts to control 
the vector population using the genetic engineering tools are encouraging, but 
needs correct and specific genetic analysis of the target species as the recent report 
in Brazil deems strategic introspection [46].
Cattle including pigs play an important role in maintaining the enzootic cycle 
of most of VBDs. In recent years, diseases transmitted by ticks and mites are on the 
rise. This may be attributed to more man and animal contacts. Due to population 
pressure man is encroaching new areas especially in the forest ecosystem. It has 
been observed that cattle are the main host for ticks and mites to maintain their 
population. It is, thus, important to grow cattle population under controlled condi-
tions with the help of local veterinary department. Open grazing of such cattle in 
the affected areas must be prevented so as to boost the enzootic transmission of 
KFD, CCHF and ST types of diseases. ST was diagnosed as the main AES problem in 
Gorakhpur, UP especially in the children. Treatment with doxycline contained the 
outbreak of AES besides other additional containment measures [34].
Similarly, sandflies also depend on cattle for maintenance of their own popula-
tion in the endemic areas of KA and CHPV. Pigs also grown in most wet areas 
since these are easy source of income generation especially in the poorer section 
of the society. This is not an organized sector. Steps must be taken so as to make 
proper sty and protected with LLINs by which pig-mosquito contact can be 
minimized [14]. Recently genetically engineered high protein-rich pink pigs have 
been produced that can convert into pin-revolution. In this way JE transmission 
can be prevented [47].
Cow dung is a good source of organic manure traditionally practiced in India 
for ages. It has been observed that cows are reared for milk and manure purpose 
almost in each village household of rural India. But in most of tribal areas a very 
few household rears cattle making a very low human and cattle ratio. This may be 
one of the potential factors resulting high human blood index in the main vector 
An. fluviatilis [48]. So promotion of cattle in all the tribal areas must be on prior-
ity. On the other hand, community-level cow dung-based biogas plant must be 
encouraged in each village. In this way, good quality manure and self-sustained 
biogas can make the rural community self-reliant. Moreover huge carbon emission 
from the cattle produce can be prevented and thus carbon-related green-house 
effects can be curtailed.
255
Innovations in Vector-Borne Disease Control in India
DOI: http://dx.doi.org/10.5772/intechopen.90526
Irrigation system is intimately associated with VBDs. Most mosquito-borne 
diseases can be controlled if integrated irrigation can regulate the water supply 
preventing mosquito breeding and also water conservation. Application of blue 
green algae in rice field can significantly reduce the mosquito population especially 
Culex species responsible for JE [49].
India is now heading for many good initiatives aiming for better livelihood under 
which Swachh Bharat Abhiyan (Clean India Movement), providing housing to poor 
people, free from Open Defecation (OD) are gaining some results. Providing toilets 
to each village under OD program has two benefits. First, avoiding soil contamina-
tion for which anti-micobial resistance can be managed. Second, outdoor malaria 
transmission can be prevented especially among women community who generally 
go for OD in groups in the evening hours when malaria vectors take advantage of 
such situations. Thus, use of LLINs becomes less effective in such village settings. 
But construction of water storing tank in each toilet must be mosquito proofed, 
otherwise Aedes-related diseases may be introduced in new areas [4].
It has been observed that in most urban cities there are defects in architectural 
design for building constructions where making a box on each parapet attracts 
water collection when the outlet pipe is blocked. This becomes potential breeding 
ground for Aedes and An. stephensi mosquitoes. This design must be abandoned 
to avoid creating unnecessary artificial breeding grounds for potential vector 
 mosquitoes [50].
In most water starving areas where local people store water in open cemented or 
plastic tanks support Aedes breeding. Such tanks must be replaced with mosquito-
proof water storing tanks to avoid mosquito breeding [51].
India has a strong primary health care system. The primary health management 
begins from the Sub-center (SC) where local people report for any disease. This 
needs to be empowered for better health seeking behavior. Recently a health reform 
program Ayushman Bharat (long life for India) has been introduced in India. It has 
two arms; coverage of health insurance for poorest 500 million people up to $ 7000 
(INR 500,000) of care per year, regardless of preexisting conditions, and reinvest-
ment in primary care. These SCs have been converted into ‘Health and Wellness 
Centers’ to deliver comprehensive primary health care [52].
In 2018, the Uttar Pradesh (UP) government initiated a unique DASTAK cam-
paign in association with UNICEF (United Nations Children’s Fund) to control 
JE and other AES causing VBDs. The entire state machinery visited door-to-door 
campaign in 38 districts affected by JE and AES. It has been planned in every village 
of state’s 75 districts to create awareness about communicable diseases. In this 
large-scale campaign, many state departments such as health, primary education, 
rural development will work together to spread awareness about diseases through 
mass media communication. The campaign will ensure availability of clean drink-
ing water, promote sanitation drive, ensure vaccination and prompt treatment of 
diseases. Such program must be launched in every state because most VBDs are 
present throughout the country [53].
India is a democratic country where local working administration is governed by 
the elected members generally called Panchayat Raj Institution. It is the duty of the 
local health department to empower these members to take correct decisions and 
implementation of all health-related programs. However, social movement needs to 
strengthen the community engagement for achieving better health goals.
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5. Conclusion
As mentioned it is evident that there are needs of innovations in containing 
VBDs in India. In the present situation, there are many opportunities in India that 
must be put into actions to find solutions in containing VBDs. It is not at all good 
that two diseases LF and KA have failed to keep their elimination targets. That 
means there were some serious lapses in planning the elimination concept. The 
new target to eliminate both these diseases has been earmarked to 2020 and 2021, 
respectively. But the current situations do not seem to achieve this goal [55, 56]. 
However, renewed efforts should be made to fulfill the goal. On the other hand, 
dengue and other VBDs are posing a serious threat to the public health profession-
als. It has been observed that most of the VBDs are linked to epizootic environment. 
Hence, organized and organic farming should be given priority to reduce the man 
and vector contact. There are many government programs aiming to uplifting of 
general improvement of social status of the community. This will surely impact 
on the VBDs. Hence, it is the duty of all to accelerate the implementation of all 
programs related to VBDs and make India free from all Neglected Tropical Diseases 
(NTDs) to fulfill the Sustainable Development Goals (SDGs).
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